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...STILL THE TOP 

FAMILY IN LINEAR AMPLIFIERS 


IT'S A FACT.. . HENRY RADIO STILL PRODUCES THE BROADEST LINE OF SUPERIOR QUALITY AMPLIFIERS IN THE WORLD. 
WHETHER FOR AMATEUR RADIO, COMMERCIAL OR MILITARY USE, WE OFFER A CHOICE OF FIELD PROVEN STATE- 
OF-THE-ART UNITS TO FIT THE REQUIREMENTS AND BUDGETS OF THE MOST DISCRIMINATING USER. 


1KD-5;; 


1 fW-VvJ amplifiers. And we're still convinced that it's the world's finest linear In 
Its class. The 1KO-S was designed for the amateur who wants the quality and dependability of the 
2KD-5 and 2K-4. who may prefer the smaller size, lighter weight and lower price and who will settle 
for a little less power. But make no mistake, the 1KD-S Is no slouch. Its 1200 watt PEP Input (700 
watt PEP nominal output) along with Its superb operating characteristics will still punch out clean 
powerful signals...signals you'll be proud of. Compare Its specifications, Its features and its fine 
components and we re sure you will agree that the 1KD-S Is a superb value at only $695. 


O 1/ I We have been suggesting that you look Inside any amplifier before you 

-/>. 4l\L/’J buy n. we hope that you will. If you "lift the lid” on a 2KD-5 you will see 

only the highest quality, heavy duty components and careful workmanship...attributes that 
promise a long life of contlnous operation In any mode at full legal power. The 2KD-5 Is a 2000 watt 
PEP input (1200 watt PEP nominal output) RF linear amplifier, covering the 80.40,20. and 15 meter 
amateur bands. It operates with two Elmac 3-500Z glass envelope trlodes and a Pl-L plate circuit 
with a rotary silver plated tank coll. Price $945. 


And don't forget the rest of the Henry family of amateur amplifiers...the Tempo 2002 high power 
VHF amplifier and the broad line of top quality solid stale amplifiers. Henry Radio also offers the 
3K-A and 4K-Ultra superb high power H.F. amplifiers and a broad line of commercial FCC type 
accepted amplifiers for two way FM communications covering the range to 500 MHz. 


NEW TOLL FREE OROER NUMBER (800) 421 6631 

For all slates except California 
Calil residents please call collect on our regular numbers 



11240W Olympic Blvd Los Angeles. Calif 90064 213/477 6701 
931 N Euclid. Anaheim. Calif 92801 714/772 9200 

Butler, Missouri 64730 816/679 3127 


Hem Heme 
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A SWAN FOR EVERY NEED 


Take a look at the three hottest new 
SSB Transceivers this year. They re 
all made in America and they're all 
from Swan. Whatever your 
dreams—from a compact fully 
synthesized mobile to a full-blown 
base station with dual PTO s—one 
of these will bnng them to reality 
today. They re all solid state, all 235 
Watts PEP and CW on all 
frequencies, and most of all 
they're affordable 

Most Advanced HF 
Transceiver in the 
World—ASTRO 150 

HF SSB Transceiver featuring 
VRS a knob with a new twist, and 
over 100.000 fully 
microprocessor-controlled 
frequencies on present or 
envisioned ham bands 


Talk State of the art. Versatility, or Economy — SWAN'S 
famous "world's best” Engineering team has designed a 
complete line of Transceivers to suit your need. 



□ High Power — Full 235 Watts 
PEP & CW all bands □ Truly 
Synthesized in accurate 100Hz 
steps □ Full CW Break-In with 
narrow XTAL Filter □ Standby 
Memory — ALL BANDS □ True PEP 
output meter □ Model 150 — 80 th ru 
10 meters □ Model 151 — 160 thru 
15 Meters 

Mosf Versatile HF 160M- 
10M Transceiver in the 
World—ASTRO 102 DX 

Dual PTO s, 235 Watts PEP & CW 
on all frequencies. IF Passband 
tuning, with LED position indicators 
and full break-in. 

□ All solid state □ Modern design 
and styling □ Tunable notch filter 

□ 4 Function Meter □ Speech 
Processor □ VOX C Adjustable 
AGC Decay □ 2 Position CW Wave 
Shaping □ 16 Pole IF Filter 

□ Crystal CW Filter □ PLL 
Synthesized Band Selection 

Economy with top 
SWAN quality and 
mobility—100MX 

235 Wans PEP & CW on all 
frequencies. The field-proven 
Rig the whole world s talking 
about. 

□ All solid-state □ Modern design 
and styling □ VOX □ Noise Blanker 

□ Semi-CW Break-in □ RIT 
±1 5KHz □ 25 KHz Calibrator, 
built-in □ CW side tone with 
adjustable pitch and level □ internal 
speaker □ Jack for external counter 



A arvrSton o/ CuO*c Communtcattons inc 


305 Airport Rd • Oceanside. Ca 92054* 714-757-7525 


























New MFJ 3 & 1.5 KW Versa Tuners 

Run up to 3 KW or 1.5 KW PEP and match everything from 1.8 thru 
30 MHz: coax, balanced line, random wire. Built-in balun. 


3 KW VERSA TUNER IV's 


1.5 KW VERSA TUNER Ill's 


* * * 

® $ 3 $ © 



& o 


NEW MFJ KW VERSA TUNERS HAVE THESE FEATURES IN COMMON 


These 6 new MFJ KW Vena Tunen let you run up to 3 KW or 1.5 KW 
PEP (depending on the model) and match any feedlme continuously from 
1 8 to 30 MHz: coax, balanced line or random wire Gives maximum 
power transfer Harmonic attenuation reduces TVI. out ot band emissions. 

All metal, low profile cabinet gives RFI protection, rigid construction, 
sleek styling. Black Rich anodized aluminum front panel 5x14x14 inches. 


3 KW VERSA TUNER IV’s 


Q] MFJ-984 3 KW VERSA TUNER IV 

EXCLUSIVE RF AMMETER 

^/ insures maximum power to antenna at 

■m ^7 minimum SWR. Built-in dummy load. 

This is MFJ's best 3 KW Versa Tuner IV. The MFJ 984 Deluxe 3 KW 
Versa Tuner IV gives you a combination ol quality, performance, and 
features that others can't touch at this price 
An exclusive 10 amp RF ammeter insures maximum power to antenna 
at minimum SWR A separate meter gives SWR, forward, reflected power 
in 2 ranges (2000 and 200 watts). 

Versatile antenna switch lets you select 2 coax lines thru tuner and 1 
thru or direct, ot random wire, balanced line or dummy load 
A 200 watt 50 ohm dummy load lets you tune your exciter off air tor 
peak performance Efficient, encapsulated 4:1 ferrite balun 

[ 2 ] MFJ-981 3 KW VERSA TUNER IV 

£ - AQC Accurate meter gives SWR, forward 
▼ f and reflected power in 2 ranges: 2000 

I ^7 ^7 and 200 watts. 4:1 ferrite balun. 

The MFJ-981 3 KW Versa Tuner IV is one ot MFJ's most popular Versa 
Tuners. An accurate meter gives you SWR. forward and reflected power 
in 2 ranges 2000 and 200 watts. Encapsulated 4 1 ferrite balun 


Flip down stand tilts tuner lor easy viewing 

Efficient, encapsulated 4:1 ferrite balun. 250 pf. 6000 volt capacitors 
18 position dual inductor. 17 amp. 3000 V ceramic rotary switch (3 KW 
version). 12 position inductor, ceramic rotary switch (1.5 KW version) 
27. meters. S0-239 coax connectors, ceramic feedthru for random wire 
and balanced line One year limited warranty. Made in U S A 


H MFJ-980 3 KW VERSA TUNER IV 

S1CQ95 Heavy duty encapsulated 4:1 ferrite 
I balun for balanced lines. 


The MFJ-980 is MFJ's lowest priced 3 KW Versa Tuner IV but has the 
same matching capabilities as the other 3 KW Versa Tuner IV's. 

Features an efficient, encapsulated 4:1 ferrite balun for balanced lines. 


1.5 KW VERSA TUNER Ill’s 


$ 199 95 


MFJ-982 3 KW VERSA TUNER IV 


£ - Antenna switch lets you select 1 coax 

^ 3 thru tuner and 2 coax thru tuner or 

I ^7 «7 direct, or random wire and balanced line. 

The MFJ-982 3 KW Versa Tuner IV gives you a versatile 7 position an 
tenna switch that lets you select 1 coax thru tuner and 2 coax thru tuner 
or direct, or random wire and balanced line. Encapsulated 4:1 balun 

If you already have a SWR/wattmeter, the MFJ 982 is for you. 


[s] MFJ-962 1.5 KW VERSA TUNER III 

£ _ SWR, dual range forward and reflected 

▼ 1 nU'Zw power meter, 6 position antenna 

I U w switch, encapsulated 4:1 ferrite balun. 

The MFJ-962 1.5 KW Versa Tuner III is an exceptional value 
An accurate meter gives SWR. forward and reflected power in 2 ranges 
(2000 and 200 watts) 

A versatile six position antenna switch lets you select 2 coax lines thru 
tuner or direct, or random wire and balanced line. Encapsulated 4:1 balun. 
Black front panel has reverse lettering 

l] MFJ-961 1.5 KW Versa Tuner III 

£ . _ — . - 6 position antenna switch lets you 

select 2 coax lines thru tuner or direct, 

I “T %7 or random wire and balanced line. 

The MFJ-961 1.5 KW Versa Tuner III gives you a versatile six position 
antenna switch. It lets you select 2 coax lines thru tuner or direct, or 
random wire and balanced line Encapsulated 4 1 lerrite balun 
If you already have a SWR/wattmeter, the MFJ 961 is for you. 

Black front panel has reverse lettering 


FOR YOUR NEAREST DEALER OR FOR ORDERS 


CALL TOLL-FREE 800-647-1800 


Why not visit your dealer today? Compare these 3 KW and 1.5 KW Versa Tuners to other tuners. You'll be convinced that its value, 
quality and features make it a truly outstanding value. If no dealer is available, order direct from MFJ and try it. If not delighted, 
return it within 30 days for a prompt refund (less shipping). Charge VISA. MC. Or mail check, money order plus S10 shipping/handling. 

For technical information, order/repair status, In Mississippi, outside continental USA, call 601-323-5869. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On [■"] 

MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MISSISSIPPI 39762 
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More Details? CHECK-OFF Page 94 
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a second look 

by Jim Fisk 


The 1979 World Administrative Radio Conference (WARC) concluded just as the January issue was 
going to press, so I was unable to comment editorially on our good fortune in Geneva. It's no secret that 
I've been cautiously optimistic about WARC for some time, and as I predicted almost a year ago, Amateur 
Radio remains in possession of the same high-frequency spectrum as we've had for the past several 
decades; three new HF bands are our bonus for the 1980s. The international Amateur Radio community 
went to WARC very well prepared, thanks to long years of behind-the-scenes work by the International 
Amateur Radio Union (IARU), the various national societies, and dozens of Amateur Radio volunteers — 
these are the same people who remained optimistic about WARC throughout the long years of preparation. 
The Wizard of Woe, who expected WARC to be a complete disaster and forecast the end of Amateur 
Radio in the 1980s, was last seen skipping off to the Land of Oz with one foot in his mouth. 

I first became aware of plans to pursue new ham bands at 10, 18, and 24 MHz more than five years ago, 
but quite frankly I considered the possibility of any new high-frequency spectrum as more pipe dream than 
reality. When W1RU announced the new bands at the Dayton Hamfest in 1974, I think most amateurs 
thought the pressure for new bands was a ploy to maintain the status quo-, you know the old game: ask for 
more than you want so you can keep what you already got. Apparently the movers and doers of Amateur 
Radio who started preparing for WARC in the mid 1970s thought otherwise. 

A. Prose Walker, W4BW, Chief of the FCC's Amateur and Citizens Division in those years was in¬ 
strumental in arranging for the propagation studies that were conducted to show how long-distance 
Amateur communications links would be greatly enhanced and made more reliable with new allocations at 
10, 18, and 24 MHz; Prose deserves a great deal of praise — and thanks — for getting the WARC prepara¬ 
tions underway at such an early date. Without his foresight and experience I don't think Amateur Radio 
would have survived WARC in such good shape. Amateur Radio is also indebted to the dozens of 
dedicated volunteers who served on the FCC's Amateur Radio Advisory Committees, often at great per¬ 
sonal expense, and to the ARRL and IARU staffers who convinced other national societies to get their 
WARC preparations underway early and then coordinated those activities. 

What about those new bands? What are their propagation characteristics? How soon can we expect to 
have them available for Amateur Radio use? To answer the last question first, it will be quite awhile before 
you begin hearing ham signals on these bands; probably 1982 for 10 MHz, and not before 1985 for 18 and 
24 MHz. The long delay for the top two bands is because Amateur Radio stations will not be permitted to 
take possession of these exclusive frequencies until all existing fixed services have moved to new 
assignments; the transition will occur between July, 1984, and July, 1989, so it will be nearly five years at 
the earliest, and significantly longer if any of the present users feel like dragging their feet. 

It may not be obvious, but the frequencies of the three new ham bands were very carefully chosen — 
each band is very near the geometric mean of the two existing, adjacent bands. This is optimum band 
placement for maximum propagation enhancement, so it should be possible to maintain long-distance 
radio communications for many more hours each day than is possible with our present allocations. 

Practically all of the new rigs which use phase-locked loops already cover the new bands (although they 
are not presently programmed to transmit there); some will require simple modifications, but you can be 
sure the manufacturers are already working on them — and will have mod kits available by the time the 
new bands are opened. And when the new frequencies do become available, most of the equipment 
makers will be marketing ham gear with even more features than they offer now! Thanks to WARC, the 
future for Amateur Radio is bright, and the decade of the 1980s promises to be exciting — both to 
Amateur Radio and to the technology which will become available to us. 

Jim Fisk, W1HR 
editor-in-chief 
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EITHER WAY 

YOU G0...20R 6! 



GO WITH QUALITY. 
GO WITH ICOM. 

GO WITH THE BEST. 


U 5 15513 



The IC-251A is the newest 
addition to ICOM's all mode trans¬ 
ceiver line. Like the marching 
IC-551, the IC-251A has dual digi¬ 
tal VFO’s, three memories, scan¬ 
ning (even SSB), and many other 
features you only get from ICOM. 

Doth units include the no 
backlash, no delay light chopper, 
similar to the IC-701, as a standard 
feature at no cost. Coupled to the 
miaoporcessor, this provides split 
frequency operation as well as 
completely variable offsets. 

Check the specs, and you'll 
agree, either way you go, ICOM is 
simply the best. 

SPECIFICATIONS 

Listed below are some of the 


IC-551 specifications. IC-251A’s 
specs ore identical except where 
noted (in bold). 

Frequency Coverage: 50~54MHz 
(140.fi—146.19MHz) 

RF Output Power: 

SSD 1CN/PEP 

(1 — 1 IW adjustable) (10W) 

CW 10W 

(1~10W adjustable) (10W) 

AM 4W 

(0~4W adjustable) ( — ) 

FM* 10 

(1-1CW adjustable) (1—10W) 

Sensitivity: 5SB/CW/AM 

Less than 0.5^V for 10dB S+N/N 
FM* More than 30dB 
S+N+D/N+D at 1/yV 


Squelch Sensitivity: 55B/CW/AM 
1 fjV 

FM* 0.4^V(0.4^V) 

Selectivity: SSB/CW/AM 

More than ± 1.1 KHz at-6dD( 1.2) 
Less than +2.2KHz at -6dD(2.4) 
(When Pass Band Tuning Unit is 
installed: less than 
IKHz at -6dB) 

FM* More than ±7.5KHz at -6dB 
Less than ±15KHz of -60dB 

Dimensions: 111mm (H) 

x 241mm (W) x 311mm (D) 

Weight: 6.1kg (5kg) 

Spurious Response Rejection Ratio: 

More than 60dB 


HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT 


j (COM INFORMATION SERVICE 

I 2112116th Ave.,N£. 

Bellevue, WA 98004 

{ Please send me: □ IC-551 specifications sheet; □ IC-251A 
{ specifications sheet: □ List of Authorized ICOM Dealers. 


ICOM AMERICA, INCORPORATED 

Sales Service Centers located at: 


2112 116th Avenue NE 
Bellevue, WA 98004 
Phone (206) 454-8155 - 


3331 Towerwood Dr., Suite 307 
Dallas, TX 75234 
Phone (214) 620-2780 


You may ser*1 a machine copy of this form 

sublet to change without notice. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. 














compact loop antenna 

Dear HR: 

W6TC's article on the compact 
loop antenna in October ham radio 
essentially describes the antenna I 
have used for several years. I impro¬ 
vised the antenna out of desperation 
because my station was over pure 
sand, and grounded verticals simply 
did not work. Contrary to the title of 
his article, I was searching, not for a 
DX antenna, but a general-purpose 
antenna for all bands that would work 
reasonably well in an area with ex¬ 
tremely poor ground conductivity. In 
addition, I wanted an antenna that 
would cover the entire 75/80-meter 
band. The antenna has satisfied all 
these requirements. 

The antenna books give the reso¬ 
nant impedance of a full-wave loop as 
about 105 ohms; measurements con¬ 
firmed this figure. To cover the 
75/80-meter band, the loop was cut 
for about 3950 kHz (248 feet). A 17 
fiH roller coil in series with the un¬ 
grounded side at the feed point reso¬ 
nated the antenna at 3550 kHz. The 
impedance had dropped to about 25 
ohms. Fed with RG-8/U coax, the 
antenna has an SWR never more 
than 2:1. 

The original antenna was in a pen¬ 
tagon configuration. The feed point 
was near ground, with the roller coil 
in a weather-proof metal box. The 
two ends of the loop sloped upwards 
in a sort of "inclined V" configuration 
to the first pair of masts, one on 
either side of the lot. With a maxi¬ 
mum height of 20 feet, this antenna 


was definitely not a DX antenna. It 
was a high-angle radiator, as ex¬ 
pected, but on 75 meters it outper¬ 
formed a dipole at the same height up 
to distances of 400 to 500 miles. At 
increasing distance, even an ineffi¬ 
cient vertical antenna did better. 

In the CW portion of the 40-meter 
band a series inductance of 9 /iH is re¬ 
quired for resonance. This results in 
rather high rf voltages on the antenna 
side of the coil, and an SWR of about 
2.5:1. Numerous contacts with 1-watt 
QRP CW on 40 meters, in the middle 
of the day, at distances of several 
hundred miles and with consistent 
reports of S6-S9, indicate excellent 
performance. 

At my present station, the antenna 
has been erected in a delta-loop con¬ 
figuration with about the same re¬ 
sults. Feeders have been dispensed 
with (except for 10 feet of coax from 
transmitter to tuner). Romex wire 
carries the loop ends through the ceil¬ 
ing of shack up to the peak of the 
roof, and through the gable. (Since 
I'm in a remote area, I can get away 
with this. However, I can run a TV set 
on rabbit ears in the shack — except 
on 40 meters.) 

W.S. Skeen, W6WR 
Hornbrook, California 

W3VT memory keyer 

Dear HR: 

A builder of the deluxe memory 
keyer featured in the April issue has 
written, pointing out that under some 
conditions a slight click occurs in his 
unit during manual sending each time 


the keyer clock control line goes high. 
This click was also present in the orig¬ 
inal version, but was barely percep¬ 
tible in the monitor and did not seem 
objectionable; perhaps in some other 
units it might be severe enough to be 
a problem. Following is an explana¬ 
tion and the solution. 

The click occurs during manual 
sending when sending from memory 
has been stopped at a memory loca¬ 
tion with a high data bit; this can hap¬ 
pen when the memory is stopped by 
the stop button or interrupted by 
manual sending. The memory output 
control U13B is held high by the low 
on the keyer control line at U13B pin 
10, inhibiting the output even though 
the other three inputs (pins 9, 12, and 
13) are high. When the control line 
goes high, U3B inverts the control 
line signal and applies the low to 
U13B pin 9, which continues to inhib¬ 
it memory output. There is a momen¬ 
tary gap in the inhibition process, 
however, due to propagation delay in 
U3B. 

The cure is simple and requires 
only slight surgery on the memory 
board. 

First, remove the keyer clock con¬ 
trol lead from the designated eyelet 
on the board. From this eyelet, con¬ 
nect a 0.047-/<F (or 0.1-pF) capacitor 
to the nearby ground foil. Next, re¬ 
move the jumper which connects the 
clock control line to pin 9 of U4, and 
replace the jumper with a 150-ohm 
resistor. Connect a new jumper from 
the bottom end of this resistor (near 

f Continued on page 74) 






HT-144 


BBLT-144A 


•Most models available in 1-1/4 meters 
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Hustler: 

The First ffamil 

of mobile amateur 
two meter antennas! 
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None can come close to us on the road. Th' 
has a strong tradition of quality. Our perforr 
everything you want including maximum ra 
gain and better SWR at resonance. 

Ours' is a lasting tradition, too. Hustler ante i 
of only the finest stainless steel and chrom< 
components. So you get longer service life 

Quality, Performance. Dependability. Durab I 
the Hustler family.. .the First Family of two 
amateur antennas.* 


Hustler family 
ance gives you 
ge, improved 

nas are made 
plated 

ity. It's all in 
neter mobile 
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3275 North B Ave • Kissimmee. Florida 32741 

Clearly the choice of those who know quality 



























VHF, UHF, AND MICROWAVE ALLOCATIONS for the Amateur Service by the World Administra¬ 
tive Radio Conference (WARC) are just as impressive as those below 30 MHz. As outlined 
here last month, all present VHF and UHF bands remain essentially unchanged for U.S. 
Amateurs, though the replacement of Radio Location by the much more aggressive Fixed and 
Mobile Services as co-Primary sharers of 220-225 MHz signals a problem with that band. 

The addition of an Amateur Secondary allocation at 902-928 MHz is a positive move, and 
an Amateur slot in that band could become available when the WARC accord becomes effec¬ 
tive on January 1, 1982. 

At Microwave, Amateur Radio did lose 1215-1240 MHz but kept 1240-1300 with a satel- 
lite uplTnTT _ suL~band at 1260-1270 MHz. The 2300-2450, 3300-3500, 5650-5925, and 10000- 
10500 MHz bands all remained Amateur Secondary as before, but with new subbands on all 
four for Amateur Satellite use. 24-24.25 GHz continues Amateur and Amateur Satellite, 
but we now have worldwide allocations at 47-47.2, 75.7-81, 119.98-120.02, 142-149, and 
, 241-250 GHz with a good portion of most, Amateur and Amateur Satellite Primary. 

Morse Code Ability will still be required of Amateurs worldwide, but only below 30 MHz 
instead of 144 MHz as before. Another regulation change provides for the use of the 3.5, 
7.0, 10.1, 14.0, 18.068, 21.0, 24.89, and 144 MHz Amateur bands for emergency communica¬ 
tions between both Amateur and other services during times of natural disaster. Resolu¬ 
tion CR prohibits broadcasters from using 7.0-7.1 MHz, with more success, it's hoped, 
than similar previous attempts. 

Amateur Radio Came To Geneva as one of best — if not the very best — prepared of all 
the services, and the results surely show it. Amateur Radio's tremendous success at the 
WARC reflects more than five years of effort by the IARU, national societies, and individ¬ 
ual Amateurs throughout the world. Special credit goes to the IARU's WARC delegation; 
G2BVN, G5C0, and SP5FM, representing Region 1, HK3DEU and YV5PBG, Region 2; JA1NET, ZL2AZ 
and 9VIRH, Region 3; and VE3CJ, W1RU, K1ZZ, W4KFC, WA6IDN, and W0BWJ, IARU Headquarters. 

A heartfelt thanks from all Radio Amateurs. 

A MATEUR RADIO'S STRONG WARC showing was due in no small part to the U.S. government’s 
very positive pro-Amateur Radio position, which in turn was the result of a well organi¬ 
zed and hard working FCC Advisory Committee on Amateur Radio (ACAR). About 70 U.S. Ama¬ 
teurs participated in the ACAR meetings, and their efforts are deserving of recognition. 

The ACAR rostor reads: K1CCL, W1HDQ, W1HGI, K1HZN, WtJR, W1NLB, W1NXY, W1RU and K1ZZ; 

W2ALS, W2DE0, W2DU, W2ECH, W2GHK, W2HD, WA2INB, K2MGA, and W20D; W3ASK, W3BE, K3BRS, 

W3BLC, K3DC, W3DXA, W3FU, W3GG0, W3ICM, WA3IHW, W3JPT, W3KMV, WA3LND, W30KN, W3PK, W3PS, 
W3SWD, W3VW, WA3WRS, and W3X0; W4AAW, WA4AJF, W4BRB, W4BW, K4BZ, K4BZF, W4FZ, W4GF. 

K4GTS, W4J0P, K4KDY, W4KFC, W4LVC, WB4LWX, W4MB, W4NSP, K4NSS, W400, K4VOW, W4ZC, and 
W4ZM• W5EYB; W6DW. W6EJK, W6GD, W6GNX, WA6GYD. K6HCP, K6HIJ, W6ISQ, WB6JPI, W6KAP, K6LFH, 
WB6NMT, W60HQ, W6SAI, W6UF, K6UQH, K6VGP, and W6ZH; KB9FO, W9JUV, and W9K0I; W0AR, W0BWJ, 
and W0IUF; and KH6IJ. The efforts of these Amateurs, often at considerable personal 
sacrifice, should be appreciated by Amateurs worldwide. Thanks K4NSS for invaluable 
assistance in preparation of this list, for which W9JUV takes sole responsibility‘for 
errors and omissions. Any errors will be cheerfully corrected in next month's Ham Radio. 
Current callsigns of ACAR members, if known, were used in the list. 

TYPE ACCEPTANCE TESTING of solid-state linear amplifiers for the Amateur Service has 
been reinstated, at least for a trial period through July 1st, after FCC’s unexplained 
termination of the program in late 1978, which drew heavy fire from Ham Radio editor-in- 
chief. W1HR. Ten Tec's new Model 444, the Hercules kilowatt linear, is being resubmitted 
and could be available within the next several months. 

" VOLUNTEER AMATEUR EXAMS ARE ILLEGAL !", the FCC's General Council declared at a Corn- 
mi ssIorTlneitTrig - uTTatinDecemherr The bombshell announcement came as the Commissioners 
discussed terminating Docket 20679, the Notice of Proposed Rule Making that would have 
required volunteer examiners to submit photocopies of their licenses when requesting an 
exam. The judgment appears to stem from recent Congressional concern that some govern¬ 
ment agencies were improperly expanding their staffs without approval of Congress, by use 
of volunteers and contractors. When the legal staff reviewed the volunteer program in 
connection with Docket 20679, they concluded it is illegal and thus must be terminated. 

What Effect Termination will have on existing training programs and U.S. Amateur growth, 
not to mention the added burden on FCC's Field Offices, remains to be seen. For the first 
three years of the Novice program its exams were all Field Office administered; responsi¬ 
bility for Novice exams has rested with the Amateur Service since June, 1954. 

A SUCCESSFUL LAUNCH of the Ariane L01 launch vehicle was carried out December 24th, 
from Korou, French Guiana, after a 24-hour delay due to bad weather. Launch took place 
at 1715Z, successfully putting a ballast payload into a highly elliptical Earth orbit 
similar to the initial orbit expected for the AMSAT Phase III-A spacecraft. 

The Test Proved to be an excellent dry run. Both the launch vehicle and the communi- 
cations procedures to be used by the European Space Agency during and immediately after 
a launch attempt worked well. The test clears the way for the L02 mission, scheduled for 
late May, 1980, which will carry the Phase III-A satellite. 
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THE OMNI SYSTEM — tools of the trade for serious 
DX operators, contesters, traffic, nets, or just rag 
chewing — designed to give you the operating edge. 

Simply Super. The keynote of a Ten-Tec OMNI is simplicity of 
operation combined with super performance. No tricky con¬ 
trols, no distracting readings, no fussy adjustments Your 
operating is pure enjoyment, unhampered by complexity, 
enhanced by features that are meaningful, advanced by options 
that are realistic 

Instant Band Change—to catch the openings. Just flip the 
bandswitch, no tuning the transmitter A convenience originated 
by Ten-Tec in modern transceivers 

Full Break-In—for CW with perfect timing, for a real 
conversation in code And slow break-in at the flip of a switch to 
suit band conditions or quiet mobile operation 

Ultra Selectivity—to fit any band condition. Standard 2.4 
kHz 8-pole crystal ladder filter for normal reception, optional 
1.8 kHz filter ($55) operates in series with the 2 4 kHz filter to 
transform an unreadable signal in heavy QRM into one that gets 
the message through; optional 0.5 kHz 8-pole filter ($55) 
provides steep, deep skirts to the CW passband window to cut 
out even those strong adjacent signals; standard 150 Hz CW 
active audio filters have three ranges (450. 300, 150 Hz) for 
further attenuation of adjacent signals and band noise 

Variable Notch Filter—to eliminate interfering carriers and 
CW signals Attenuation is more than 8 “S" units (over 50 dB) 

Six-Function Separate VFO—for complete versatility in 
working DX Independent transmit and receive frequencies with 
OMNI, reversible at the touch of a button for full monitoring of 
the action. Even allows simultaneous reception on both VFO 
and OMNI with transmission on either LEDs show status An 
optional operating bargain at $ 139. 


Speech Processor and Microphone—to extend your operat¬ 
ing range under adverse conditions by increasing average 
envelope power without derating the OMNI power limits and 
with minimum distortion. Model 234 is a true RF processor, 
model 214 is a peak-free condenser microphone. An optional 
system for optimum speech energy; 234 is $124, 214 is $39. 

Electronic Keyer—key to perfect CW. Styled to match 
OMNI, self-completing, dit and dah memories with individual 
defeat switches; automatic variable weighting; adjustable 
magnetic paddle return; and more for just $85. 

Matching Power Supply—to completely power the OMNI 
system Regulated, over-current protected, switched from 
OMNI or front panel, and only $139. 

Plus All These Famous Standard Features of OMNI—All 
Solid-State, 160-10 Meters. Built-in VOX and PTT. Dual-Range 
Receiver Offset Tuning, Wide Overload Capabilities, Adjustable 
Sidetone Tone and Level, Exceptional Sensitivity. 200 Watts 
Input, Adjustable ALC, 100% Duty Cycle, Phone Patch 
Interface Jacks. Zero-Beat Switch, "S'VSWR Meter, Dual 
Speakers. Plug-In Circuit Boards, Complete Shielding. Rigid 
Light-Weight Aluminum Construction. Comfortable Operating 
Size (5%"h x 14'/«"w x 14"d). 

Model 545 Series B OMNI-A (analog transceiver) $ 949 

Model 546 Series B OMNI-D (digital transceiver) $1119 

Get The Operating Edge — Get The OMNI System. See 

your Ten-Tec dealer or write for full details 

|fi||TEI\l-TEC .INC. 

■ ■ ■■ SEVIE RVIllE TENNESSEE 37162 

MK)atttttlll|(IXNttt r.w.f«oo III wu« 

TEN-TEC, HF equipment supplier to 

Winter Olympics Radio Amateur Network (WORAN) 
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Our new crop of lone equipment is the freshest thing growing 
in the encoder/decoder field today. All tones are instantly 
programmable by setting a dip switch; no counter is required. 
Frequency accuracy is an astonishing ±. 1 Hz over all temper¬ 
ature extremes. Multiple tone frequency operation is a snap 
since the dip switch may be remoted. Our SS-32 encode only 
model is programmed for all 32 CTCSS tones or all test tones, 
touch-tones and burst-tones. 

And, of course, there’s no 

need to mention our t99!3lte?*W. TS-32 

1 day delivery and 
1 year warranty. 


• Frequency accuracy, ± .1 Hz maximum - 40°C to + 85°C 

• Frequencies to 250 Hz available on special order 

• Continuous tone 


• Frequency accuracy, ± I Hz maximum 40°C to + 85°C 

• Tone length approximately 300ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

Wired and tested: TS-32 S59.95, SS-32 $29.95 _ 


BSS COMMUNICATIONS SPECIALISTS 

426 West Taft Avenue, Orange, California 92667 
(800)854-0547/ California: (714)998-3021 


A fresh idea! 


SS-32 Encoder 

•Size: .9" x 1.3" x .40" 

• Available with either Group A or Group B tones 

Frequencies Available: 


/ * 1 . . 
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TS-32 Encoder-Decoder 

•Size: 1.25"x2.0"x .40" 

• High-pass tone filler included that may be muted 

• Meets all new RS-220-A specifications 

• Available in all 32 El A standard CTCSS tones 


Croup A 

67.0 XZ 

91.5 ZZ 

118.8 2B 

156.7 5A 

71.9 XA 

94.8 ZA 

123.0 3Z 

162.2 5B 

74.4 WA 

97.4 ZB 

127.3 3A 

167.9 6Z. 

77.0 XB 

100.0 1Z 

131.8 3B 

173.8 6A 

79.7 SP 

103.5 IA 

136.5 4Z 

179.9 6B 

82.5 YZ 

107.2 IB 

141.3 4A 

186.2 7Z 

85.4 YA 

110.9 2Z 

146.2 4B 

192.8 7A 

88.5 YB 

114.8 2A 

151.4 5Z 

203.5 Ml 


Croup B 

TEST-TONES: 
600 

1000 

1500 

2175 

2805 

TOUCH-TONES: 

697 1209 

770 1336 

852 1477 

941 1633 

BURST-TONES: 

1600 1850 2150 2400 
1650 1900 2200 2450 
1700 1950 2250 2500 
1750 2000 2300 2550 
1800 2100 2350 



















a new class of 

coaxial-line transformers 


A review of 
transmission-line transformers 
and balun theory, 
including problems 
with magnetic cores — 
Part 1 of a two-part series 

Most coaxial-fed antennas require a balun for op¬ 
timum performance; many also require a matching 
transformer. Typically, these baluns and trans¬ 
formers are made with magnetic core material such 
as ferrite. These devices are subject to arcing and 
linearity problems. Simple baluns and a new class of 
rf transformers which are not subject to these prob¬ 
lems use only coaxial line in their construction — and 
they are easy to make. 

To match the low impedance of two closely 
spaced dipoles, I needed a broadband 4:1 trans¬ 
former for some experiments on a low-band phased 
array. My first inclination was to go to the handbooks 
to design a ferrite-core transmission-line transformer. 
However, I decided that there had to be a better way. 

I had just read Doug DeMaw's article, "The Whys 
and Hows of Bifilar Filament Chokes” in QS7”. 1 He 
expressed concern about saturation of the core 
material and corona from the windings to the core 


when operated at high power. My search began for a 
way to make broadband transformers without mag¬ 
netic core material. 

background 

' In conventional low-frequency transformers, 

1 closely coupled primary and secondary windings of 
the appropriate turns ratio are used. At radio fre¬ 
quencies, because of inevitable leakage reactance, 
narrowband tuned transformers are generally used 
for impedance transformation. Quarter-wave match¬ 
ing transformers may be used but are also narrow- 
band; they are a quarter wavelength at only one 
frequency. 

The availability of solid-state rf power devices with 
their capability for broadband performance created 
the need for broadband interstage matching, thus 
causing rapid development of transmission-line 
transformers. 234 Development of ferrite materials 
also expanded rapidly during this period. 

The low-frequency response of transmission-line 
transformers is limited by winding inductance, and 
the high-frequency response is limited by resonances 
from stray capacitance; therefore, ferrite material is 
used to extend the low-frequency limit of small trans- 
: formers by increasing inductance. Thus broadband 

i transmission-line transformers and baluns using fer¬ 
rite cores have come into wide use in solid-state rf 
circuitry and Amateur antenna systems. While these 
cores are very useful, they have some disadvantages. 

By George Badger, W6TC, 341 La Mesa Drive, 
Portola Valley, California 94025 


12 EQj february 1980 




This article shows how to build and design broad¬ 
band rf transformers and baluns without magnetic 
cores. 

problems with magnetic cores 

Amateurs build or buy highly linear SSB equipment 
and effective lowpass filters to avoid TVI. We then 
subject our clean, harmonic-free signals to the uncer¬ 
tainties of ferrite-core transformers or baluns in our 
antenna systems. The cores in these devices are sub¬ 
ject to saturation and, therefore, nonlinearity. High 
permeability ferrite cores are also susceptible to per¬ 
manent damage at flux densities of a few hundred 
gauss. 5 Tune up your linear into the wrong antenna 
just once and the damage is done. 
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fig 1. Broadband transmission-line transformers are made 
of two or more transmission lines connected in parallel at 
one end and in series at the other. One volt applied to two 
coax lines in parallel at the input results in 1 volt across each 
of the lines at the output. If these two lines are connected in 
series at the output as shown, the output will be 2 volts. In 
this way a 1:4 impedance stepup is achieved. Sufficient im¬ 
pedance must be provided over the length of the outside 
conductors to prevent the connections at one end from 
shorting the other end. 

Magnetic materials such as ferrite, powdered iron, 
and specialty steel tapes have added greatly to the 
performance of components available to circuit de¬ 
signers. However, these materials should not be 
used in high-power circuits or antenna systems un¬ 
less they are adequately characterized regarding 
power-handling capability and saturation effects. 
This is necessary so that interaction of the material 
with your system can be thoroughly understood. Put 
another way, sufficient core material must be used to 
keep the flux density well below the saturation level. 
Data on harmonic distortion measurements, taken at 
high power on a popular commercial ferrite core 
balun, are presented in part 2 of this article. 

Ferrite baluns and transformers are usually wound 
with copper wire coated with thin enamel insulation. 
Pairs of wires are placed close together or twisted to 
make transmission lines, which are wound tightly 
onto the core. The conductors must be close, be¬ 
cause the surge impedance of the wire pairs must be 
correctly related to the impedances to be matched. 


For this reason, thin insulation is often used. Inade¬ 
quate insulation may result in arcing between wires 
or to the core when operated at high power. 1 -2 Those 
who have blown a balun in the heat of competition 
are all too familiar with these problems. 

transmission-line transformers 

Basically a transmission-line transformer consists 
of two or more parallel lengths of transmission line 
connected in parallel at one terminal and connected 
in series at the other (fig. 1). For example, if two 
lengths of coaxial line are connected in parallel at the 
input and 1 volt is applied, 1 volt appears at the out¬ 
put end of each of the two lines. If the output ends 
are connected in series so that the two voltages add, 
the output is 2 volts, thus creating a 1:2 voltage in¬ 
crease (1:4 impedance transformation). Fig. 1 also 
can be used to describe a 4:1 impedance reduction; 
for example, from 50 ohms to 12.5 ohms. 

Sufficient rf impedance must be provided between 
the input and output ends of the transformer of fig. 1 
to prevent the connections at one end of the lines 
from shorting the other end of the lines. The impe¬ 
dance is usually provided by wrapping the transmis¬ 
sion lines around magnetic cores. 

the Collins balun 

By far the best balun I've ever used is the Collins 
balun which, to my knowledge, was first described in 
a book published by the Collins Radio Company en¬ 
titled Fundamentals of Single Sideband , 6 The Collins 
balun derives its name from this reference. I believe 
the earliest reference to an Amateur application was 
in an article by K2HLT in G.E. Ham Notes in I960. 7 
The Collins balun is rarely mentioned in Amateur lit¬ 
erature, which is surprising in view of its superb per¬ 
formance. However, Bill Orr, W6SAI, describes one 
in his Radio Handbook , 8 


ISOLATED 

TCPMINAIS 



fig. 2. Simple coiled length of coaxial line isolates output 
terminals from ground. 
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Perhaps the reason the Collins balun hasn't gained 
popularity with Amateurs is that it's quite bulky when 
made with RG-8/U. The balun is extremely simple. 
No exotic materials are used in its construction; only 
coaxial cable and insulated wire. I've used these 
baluns for years with various antennas and never had 
a failure. One has been on my three-element 10-15 
meter quad for eight years with no sign of deteriora¬ 
tion. There are only two disadvantages to the Collins 
design: 1) when made with RG-8/U, the balun is 
bulky — too large for installation on a clean-design 
antenna system; and 2) the balun is useful only at 
50 ohms. This article shows how to eliminate these 
disadvantages. 

balun theory 

Baiuns convert energy from unbalanced coaxial 
line to balanced two-wire line by isolating the two 
balanced terminals from ground. As in the transmis¬ 
sion-line transformer, this is often accomplished by 
coiling transmission lines around magnetic material 
so the impedance to ground from both output termi¬ 
nals is high compared with the characteristic impe¬ 
dance of the input coaxial line. By using this tech¬ 
nique, shown in fig. 2, the two balanced terminals 
are “floated" with respect to ground by the isolation 
provided by the coiled-line impedance. However, a 
simple coiled length of transmission line is often not 
adequate because it doesn't contribute to the bal¬ 
ance of the system. 9 For a balun to make this contri¬ 
bution, the impedance ground from both terminals 
must be nearly matched. 

Accordingly, in the Collins balun, a dummy length 
of coax is wound as a continuation of the isolating 
winding, so that the coil consists of the original 
length of coiled coax of fig. 2 plus an equivalent 
length of dummy line, as shown in fig. 3. 

The dummy-line center conductor is unused and is 
left floating, or both ends may be shorted to the 
outer conductor if desired. The dummy length of line 
causes the impedance to ground, from each of the 
two output terminals, to be nearly equal. The isola¬ 
tion impedance (common-mode impedance) is held 
higher than the coax-line characteristic impedance 
over a wide frequency range by the distributed ca¬ 
pacitance and inductance of the combined coil. The 
coil must have sufficient inductance so the impe¬ 
dance, at the lowest operating frequency, is higher 
than the line surge impedance. As the frequency is 
increased, the impedance increases through parallel 
self-resonance, then decreases as the frequency is 
further increased. 

Because the self-resonant circuit consisting of the 
distributed capacitance and inductance of the com¬ 
bined coil is loaded by the low characteristic impe- 
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fig. 3. Broadband coil balun is evolved from the coiled coax¬ 
ial line of fig. 1. 

dance of the line, the impedance versus frequency 
curve is broad. Balun performance therefore is not 
critical with respect to frequency. Data taken on 
measurements of the common-mode impedance on 
a typical Collins balun are presented in Part 2. 

The symmetry provided by the dummy line makes 
balun performance less dependent on common-mode 
impedance and is therefore often essential in baluns 
and balanced systems. 9 The isolation, balance, and 
impedance match of this class of balun are superb 
over the hf Amateur bands. Specific designs, per¬ 
formance data, and a systematic design procedure 
are presented in Part 2. 

new class of transformers 

Faced with the need to match a very low-impe 
dance antenna system, I decided to try to develop a 
4:1 transmission-line transformer based on the princi¬ 
ples of the well-proven Collins balun. The transform¬ 
er was successfully developed; in fact, a new class of 
wideband transformers evolved from this work. 

One of the nice things about an avocation — as 
compared with a vocation — is that you're not on a 
time schedule. I found that the performance of the 
4:1 transformer was so good that the idea of other 
transformer designs based on the same principles 
looked interesting. I shelved the phased array project 
long enough to enjoy the freedom to explore the pos¬ 
sibilities of these transformers. The result was a 
series of broadband balanced and unbalanced trans¬ 
former designs that are extremely simple, made en¬ 
tirely of coax, and, most important, don't depend on 
ferrite or powdered-iron materials. 

design concept 

Because the Collins balun so successfully isolates 
the balanced output terminals from the unbalanced 
coaxial line input, it seemed reasonable that a similar 
broadly resonant configuration would provide the 
isolation necessary to the series and parallel lines of 
fig. 1 . From previous experience I'd found that it's 
unnecessary to wind the Collins balun on a cylindrical 
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form as shown in fig. 3. It's sufficient to random- 
wind the turns without a coil form, as shown in the 
photo. I decided to try winding the two lines of fig. 
1A into a continuous winding similar to the Collins 
balun of fig. 3. 

My first try was with a nine-turn coil random 
wound on a nominal 25-cm (10-inch) diameter 
shown in fig. 4 (Only three turns are shown in the 
drawing for clarity.) Two 254-cm (100-inch) lengths 
of 50-ohm line were used. The transformer was test¬ 
ed by inserting a 12.5-ohm low-inductance load at 
the output and measuring the input impedance with 
a Hewlett Packard Vector Impedance Bridge. While 
the transformer made the 12.5-ohm resistor appear 
to be a 50-ohm resistor over a wide range, the useful 
range was centered in the broadcast band. As the 
frequency was increased through 3.5 MHz, the input 



fig. 4. Two lengths of coax IA and B) wound into a multiturn 
coil similar to the Collins balun of fig 3. Only three turns are 
shown for clarity. Note that the input ends of the lines are 
connected in series and the output ends are connected in 
parallel. Made with 50-ohm coax, this transformer will 
match a 100-ohm balanced line to a 25-ohm balanced load 


impedance magnitude increased rapidly, and the im¬ 
pedance phase angle was greater than 30 degrees. 
However, the useful frequency range was 4:1. En¬ 
couraged, I removed half the turns, expecting equiv¬ 
alent results more nearly centered over the ham 
bands. Results were disappointing. A good match 
was achieved only over a narrow frequency range. 

line impedance 

Note that the load at the transformer output of fig. 
4 terminates two coax lines connected in parallel. If 
the lines have 50 ohms characteristic impedance the 
load must be 25 ohms for the lines to be properly ter¬ 
minated. At the input the two lines are connected in 
series, so the input impedance will be 100 ohms. 
Thus the transformer of fig. 4 will match a 25-ohm 
balanced load to a 100-ohm balanced line, but per- 



INPUT 

fig. 5 A 4:1 rf transformer (shown in the photo) consisting 
of two parallel 127-cm (50 inch) lengths of RG-58A/U ran¬ 
dom wound into a 7 turn. 11.5 cm (4.5 inch) nominal diame¬ 
ter coil. Each of the two paralleled 50-ohm lines (AB-CD) is 
connected in series at the input and in parallel at the output. 
The excellent performance is shown in table 1 
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fig. 6. A 50- to 200 ohm balanced-tobalanced transformer 
made from two 127 cm (50-inch) 100 ohm lines each con¬ 
sisting of two 50-ohm lines in series. The 100-ohm lines are 
connected in parallel at the input and series at the output. 
Performance data are shown in table 2. 


formance will be poor when trying to match a 12.5- 
ohm load to a 50-ohm line. 

50/12.5-ohm transformer 

To match a 50-ohm line to a 12.5-ohm load, 25- 
ohm transmission line must be used so that the 50- 
ohm source will be correctly terminated by two 25- 
ohm lines in series. Similarly, the two 25-ohm lines in 
parallel at the output will be correctly terminated by a 
12.5-ohm load. I decided to make 25-ohm lines by 
connecting pairs of 50-ohm line in parallel. A trans¬ 
former similar to that in fig. 3 was wound with two 
lengths of transmission line, each made with a pair of 
50-ohm RG-58A/U lines in parallel (25-ohm line). 

After much cutting, winding, soldering, and data 
taking, the optimum design of fig. 5 evolved. The 
design looks somewhat more complex than the simple 
configuration of fig. 4 because each length of trans¬ 
mission line consists of two 50-ohm lines in parallel; 
however, in other respects the configuration is exactly 
the same as that of fig. 4. Note that the two 125-cm 
(50-inch) 25-ohm lines are connected in parallel at the 


output and are properly terminated by the 12.5-ohm 
load. This transformer design was useful over a wide 
frequency range. The VSWR is low over the high fre¬ 
quency Amateur bands. The excellent data are 
shown in table 1. 

construction 

While it's not necessary to cut the lengths of coax 
to exactly 127 cm (50 inches), this length wound into 
a seven-turn, 11.5-cm (4.5-inch) nominal diameter 
coil is optimum to cover the high-frequency bands. 
The detail of coil winding is unimportant. You can 
bind the lines tightly with tape or leave them loose. 
You can hold the coil in your hands and separate the 
turns several cm (2 inches) before the magnitude or 
phase of the match are greatly affected. 

However, the length of the short between the 
coax-line outer conductors at the input end of the 
balun is critical. Performance is degraded at the high- 
frequency end of the useful range unless the coaxial 
outer conductors are soldered together into a com¬ 
mon joint as shown in the photo and fig. 5. Perform¬ 
ance deteriorates if the shorting lead is as long as 2.5 
cm (1 inch). The cross-connected leads at the output 
should be short. In the version shown, the length of 
the center conductors exposed beyond the outer 
conductors is about 2 cm (0.75 inch). Construction is 
shown schematically in fig. 5 and in more detail in 
the photo. 

measurements 

Impedance measurements were made with the 
Hewlett-Packard rf vector impedance meter model 
4815A shown in the photo. The vector impedance 
meter reads directly in impedance magnitude and 
phase angle. Data in this article are presented using 
the abbreviation Z for magnitude of the impedance 
and 6 for the corresponding phase angle. Balance 
measurements, described in Part 2, were made with 
the HP rf voltmeter model 4-10C also shown. The ter 
minating resistor is critical to the evaluation of these 
balun transformers. The VSWR looking into the 
transformer is, of course, no better than the quality 


table 1. Frequency, impedance magnitude, phase angle and 
calculated VSWR for the balanced-to-balanced 4:1 trans 
former of fig. 5. 


Fo 

Z 

e 


(MHz) 

(ohms) 

(degrees) 

VSWR 

1.8 

50 

13 

1.26 

3.5 

51 

8 

1.15 

4 

51 

6 

1.11 

7 

49 

3 

1.06 

14 

54 

5 

1.12 

21 

55 

1 

1.10 

28 

53 

- 1 

1.06 

30 

53 

- 1 

1.06 
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of the load. Shown in the photo is a bundle of eight 
parallel-connected, 100-ohm, 1/4-watt resistors sol¬ 
dered directly to the 50/12.5-ohm broadband trans¬ 
former for minimum inductance. 

performance 

Referring to table 1, note that the VSWR between 
3.5-30 MHz is less than 1.15. Even on 160 meters, the 
VSWR is only 1.26. Data were recorded only in the 
ham bands; however, with each configuration, I 
swept the impedance bridge over the full range look¬ 
ing for spurious resonances. In the designs presented 
here, none were found within the frequency range of 
the data shown. 

'Data are presented in tabular form. Displaying ex¬ 
perimental results in this convenient form required 
calculation of VSWR from the impedance-magnitude 
and phase-angle data. These calculations are long 
and tedious, so a Hewlett Packard HP65 program¬ 
mable calculator was used. N6AIG suggested the 
idea and wrote the program. The program is very 
useful and is included in the appendix. The program 
calculates VSWR based on an impedance of 50 ohms 
and can be modified easily for any impedance. 

50/200 ohm transformers 

After the 50/12.5 ohm transformer was optimized, 
it seemed reasonable to expect that a 50/200 ohm 
(1:4 impedance stepup) transformer could be made 
using the same principles. In this case, 100-ohm lines 
were used so they would match 50 ohms when con¬ 
nected in parallel at the input and would be properly 
terminated by 200 ohms at the output. The 100-ohm 
lines were made with two pairs of RG-59A/U cable; 
each pair was connected in series. The outer conduc¬ 
tors of each pair were connected together at both 
ends. Each pair is 127 cm (50 inches) long. The 
lengths of coax were wound into a compact package 
of seven turns at a nominal diameter of 11.5 cm (4.5 
inches). The package looks very similar to the 
50/12.5 ohm transformer shown in the photo. The 
transformer is shown schematically in fig. 6. Per¬ 
formance data recorded for this transformer are 
listed in table 2. 

To show the effect of increasing the length of the 
lines and increasing the number of turns, another 
similar 50/200 ohm transformer was built. Data taken 
on this transformer are also shown in table 2. The 
modified transformer was optimized for the low 
bands. It is similar to the configuration of fig. 6. 
However, the coax lines are twice as long, 254 cm 
(100 inches), and have twice as many turns on the 
same nominal diameter. Note that the increased 
length makes the transformer useful on 160 meters 
and substantially improves VSWR on 80 and 40 


table 2. Data taken on the 50-ohm balanced to 200-ohm bal¬ 
anced transformer. (A) lists data for the transformer made 
with 127-cm (50-inch) lines as shown in fig. 6. (B) lists data 
for another version optimized for the low bands. This trans¬ 
former has the same configuration as that of fig. 6; how¬ 
ever, the two 100-ohm lines are made with pairs of 254-cm 
(100-inch) lengths of RG-58A/U. 


h 

z 

e 


(MHz) 

(ohms) 

(degrees) 

VSWR 


A. Data for transformer of fig. 6 


3.5 

56 

20 

1.45 

4 

57 

18 

1.41 

7 

52 

7 

1.14 

14 

51 

1 

1.03 

21 

47 

5 

1.11 

28 

46 

15 

1.32 

30 

46 

16 

1.34 


B. Data for low-band version 


1.8 

55 

10 

1.22 

3.5 

55 

2 

1.11 

4 

55 

0 

1.10 

7 

51 

-4 

1.08 

10 

46 

-2 

1.09 

14 

46 

-17 

1.37 


meters. The low-band transformer performance is 
good through 10 MHz; however, the VSWR climbs to 
1.37 at 14 MHz. 

The common-mode impedance of the transform¬ 
ers described in this article is sufficiently high so that 
the transformers can be driven from either a bal¬ 
anced or an unbalanced coax transmission line. Two- 
stage balun transformers with improved isolation are 
described in Part 2. 

I determined the efficiency of the 4:1 transformer 
of fig. 5, by carefully measuring the input complex 
impedance and the complex impedance of the load, 
driving it with a signal generator and measuring the 
input and output rf voltages. I used the HP4815A rf 
Vector Impedance Meter and the HP410C rf Volt¬ 
meter shown in the photo. Input power was deter¬ 
mined by calculating the power in the real part of the 
input impedance; the output power was calculated 
similarly using the complex load impedance data. 
Efficiency was determined by dividing the output 
power by the input power. Measurements and calcu¬ 
lations were made for each of the bands, from 160 
through 10 meters. As you might expect, efficiency 
was lowest on 10 meters; however, efficiency was 
greater than 95 per cent on all bands. 

power-handling capability 

The 4:1 transformers may be made with pairs of 
RG-58A/U lines connected in series for 100-ohm 
surge impedance or connected in parallel for 25-ohm 
surge impedance. Each length of RG-58A/U must 
therefore handle only 50 per cent of the power de¬ 
livered by the transformer. Because RG-58A/U is 
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rated for more than 500 watts at 30 MHz, these RG- 
58A/U transformers will handle 1000 watts of rf. I 
verified this by connecting two 12.5-ohm transform¬ 
ers back-to-back into a dummy load. At 1 kW, heat¬ 
ing was not discernible at 7 MHz. At 30 MHz, the 
transformers became warm to the touch after about 
one minute, key down. Part 2 describes how to build 
baluns capable of several kilowatts overload into 
severely mismatched loads. 

Part 2 of this article, which will appear in March, 
1980, ham radio, will describe how to build more use¬ 
ful balun transformers and three specific 1:1 baluns, 
including one for vhf. These designs are capable of 
conservatively handling high power into widely vary¬ 
ing loads. The impedance match (VSWR) and 
balance of these new transformers and the baluns 
will be compared with popular commercially available 
rod and toroid core balun transformers. In addition, 
harmonic distortion data taken at 2 kW PEP on a 
typical commercial ferrite core balun will be included. 

Balun performance is usually described when 
working into a "flat" load. In the real world, baluns 
must work into widely varying loads as frequency is 
changed across the band. Measured performance of 
baluns with varying loads will be included and com¬ 
parative data presented in Part 2. How to design 
balun transformers to your needs and how to modify 
a currently popular balun will also be described. 
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appendix 


Program tor calculating VSWR for a given load impedance, Z/. 
using the HP-67 calculator. 


reflection coefficient, I' 


ZJZq- I 
Z^i Zo+ 1 


VSWR 


I + 
1 


running instructions 


step 

instruction 

input keys output 

1 

(clear memory enter program) 


2 

initialize 

- hRTNR/S - 

3 

input magnitude 

|Z L | R/S 

4 

input phase 

angle ° R/S 

5 

copy VSWR 

- VSWR 

6 

return to step 3 

R/S 
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Looker. 

Great 


They say “beauty is as beauty does". And the 
streamlined, low silhouette Larsen Kulrod Antenna 
performs as beautifully as it looks! 

You get real performance, thanks to solid 
contacts with no power wasted in inefficient 
base or phasing coils. And there’s no power loss 
through inefficient high loss whips when you use 
a Larsen Kulrod Antenna. 

These antennas were engineered to serve the 
tough, highly competitive two-way communications 
field. They are in demand and sold throughout the 
United States and around the world — though 
often priced a bit above other antennas. The 
reason? Top performance and looks. 

Larsen Kulrod Antennas are available at leading 
Amateur stores. Choose from a variety of easy-to- 
install permanent and temporary mounts and in 
the 50,144,220 and 440 MHz amateur frequencies. 

Write for a free catalog and name of the nearest 
Larsen dealer. And before long you’ll be getting 
“fine signal" reports on your new Larsen Kulrod. 
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Yagi antenna design 

experiments confirm 
computer analysis 


Comparison of 
calculated Yagi performance 
with NBS measurements 
confirms validity 
of theoretical approach 

A mathematical model of the Yagi antenna, as 
described last month,! is required for computer anal¬ 
ysis of antenna gain, front-to-back ratio, and opera¬ 
tional bandwidth. Once the model has been con¬ 
structed, a computer program can be written. To 
avoid endless consultations, I prefer not to supply 
actual computer programs; for those readers who 
would like to create their own programs, I will explain 
the information flow I use in programs for computing 
element currents and Yagi performance. 

writing programs 

I first create a labeled input file containing all of the 
necessary information about the Yagi. The label itself 
is usually an abbreviated reminder of the particular 
Yagi. This input file contains a statement of the num¬ 
ber of parasites and the number of drivers. Next is 
given information on each parasite, i.e., X and Y 
coordinates, length (LE) and radius ( RO ), all speci¬ 
fied in terms of wavelength at a given central design 
frequency. Next is given information on each driver, 
i.e., X and Y coordinates, length (LE) and radius 
(RO), driving point voltage and phase. 

The element-current program first calls for the 
input data file label and asks at what frequencies (in 
terms of the center design frequency) the computa¬ 
tions are to be made. With this starting information, 
the input file is called and read. For each frequency 
specified, a computation is made to determine the 


(complex) values of all terms in the Z matrix; self¬ 
impedances are calculated (from eqs. 4, 5, and 6, 
reference 1) and mutuals are given by an interpola¬ 
tion routine or power series approximation (using 
eqs. 7 and 8). 1 

Once the Z matrix is complete and the voltage vec¬ 
tor noted from the input file, matrix inversion is 
accomplished; this generates the individual element 
complex current solutions. The entire result is then 
written into an output file for later use. I have found it 
convenient to include in the output file a statement 
of frequency for each computation and the number 
of parasites and number of drivers. For each ele¬ 
ment, I include its X and Y coordinates, its resonant 
frequency and Q, and magnitude and phase of its 
current. The element-current program continues to 
compute until all initially specified frequencies are 
satisifed. 

This output file now becomes a useful input file to 
other computer programs which are designed to pro¬ 
duce displays of interesting Yagi properties. One 
such program calculates and plots the pattern both 
for the H-plane and the £-plane. This is done by 
reading the new input file, and for a specified 
sequence of elevation angles (say every 1 or 2 
degrees), computing the radiated energy flux densi¬ 
ty. This is easily done from the known element posi¬ 
tions and the known element complex currents; the 
elevation angle and positions geometrically deter¬ 
mine the effective phase delay of each element from 
the reference origin. The vector sum of all contribu¬ 
tions is then proportional to radiated field strength, 
the square of which is proportional to radiated ener¬ 
gy flux density. This calculation provides values 
which are referenced to a single element carrying a 
unit current; this can be referred to an isotropic 
source by correcting for the gain of a single element 
(2.15 dBi). 

This (energy flux density) pattern is calculated for 
each frequency (read from the new input file) and 

By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 
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can be easily plotted by one of the plot routines. I 
believe it is most useful if the pattern is specified in 
dB relative to an isotropic source, 2 which I label dBi; 
such values will be shown throughout this series. In 
this pattern program I have also found it convenient 
to compute and display the driver's driving point 
impedance; the largest energy flux value found in the 
entire elevation angle search (usually in 1 degree 
intervals), which I label as MAX H-GAIN (dBi), and the 
angle at which it occurs, labeled H-ANGLE; and the 
front-to-back ratio (ratio of energy flux at H-ANGLE 
to energy flux at 180 degrees minus H-ANGLE) labeled 
FRONT/BACK GAIN (dB). 

Another program of great utility is one which reads 


tern is not just a single element but actually consists 
of a voltage-fed main driver whose input terminals 
also feed a dependent driver in parallel through a 
crossed transmission line with characteristic impe¬ 
dance Zg and phase delay angle 0. With convention¬ 
al transmission line equations you can relate voltages 
and currents at both ends of this transmission line. 

As an illustration, a 5-element KLM-style beam can 
be simulated as shown in fig. 1. The parasites are 
elements 1, 2, and 3; the main or master driver is 4, 
and the dependent or slave driver is 5 (connected 
through the transposed transmission line). Start with 
the five linear equations in matrix form: 



Dl 


2 


02 


3 


Z U Z 12 Z 13 Z 14 Z 13 


I> 


0 

Z 2 ] Z 2 2 Z 23 Z 24 Z 25 


h 


0 

Z 31 Z 32 Z 33 Z 34 Z 33 

X 

h 

— 

0 

Z 4 1 z 42 z 44 z 44 z 4 $ 


h 


v 4 

Z 31 Z 32 Z 33 Z 34 Z 33 


h 


V3 


V 4 (the main driver voltage) is given, but v 5 (depen¬ 
dent driver voltage) must be determined from the 
transmission line equations which relate F 5 and I 5 to 
V 4 and transmission line current at terminals XX. For 
a transposed lossless transmission line: 

V} = — V 4 sec O—jZg I $ tan 0 


( 1 ) 


( 2 ) 


fig. 1. Layout of a Yagi with a broadband feed system of the 
type manufactured by KLM. The main driver (DR) and de¬ 
pendent driver (DD) are connected through a transposed 
transmission line with characteristic impedance and 
phase angle 8. Performance of this type of Yagi can also be 
analyzed by computer, as discussed in the text. 

the new input file (element current file) and com¬ 
putes and displays a number of useful Yagi proper¬ 
ties. These are maximum gain (dBi) and angle at 
which it occurs, reverse gain (dBi) at the same 
reverse elevation angle, front-to-back ratio, and the 
driving point impedance of the first driver. Since this 
program does not spend time displaying the com¬ 
plete patterns, it is fast and therefore capable of 
rapidly running through a large number of different 
situations. 


so that the final five linear equations become in 
matrix form: 


z u 

Z 12 

Z 13 

Z 14 

Z 13 


h 


0 

Z 21 

Z 22 

Z 23 

Z 24 

Z 23 


h 


0 

Z 31 

Z 32 

Z 33 

Z 34 

Z 33 

+ 

h 

= 

0 

Z 41 

Z 42 

Z 43 

Z 44 

Z 43 


I 4 


V 4 

Z 51 

Z 52 

Z 53 

Z 34 

Z 55 -V jZgtanQ 


h 


— V 4 secO 


Note that the input file for this antenna must contain 
information about the number of parasites, the num¬ 
ber of independent or master drivers, and the num¬ 
ber of dependent or slave drivers; the dependent or 
slave driver must contain a statement as to which is 
its master driver, and must provide Zg and 0 for the 
transposed transmission line. The Z matrix and V 
vector must be modified as shown, then the program 
can proceed as before. 


other antenna types 

Programs can be written that will perform equiva¬ 
lent calculations for different antenna systems. First 
of all, a somewhat different element current program 
is needed for a conventional Yagi if the driver current 
is specified rather than its voltage (using eqs. 10 and 
11 from reference 1). You can also write a different 
program to handle a broadband drive system as used 
in the KLM antennas, but to do this requires a little 
manipulation. In this type of antenna the drive sys- 


validation 

With the tools for computing a wide spectrum of 
antenna characteristics at hand, it is crucial to ask for 
some experimental validation. I have already com¬ 
mented on the inaccuracies inherent in physical 
modeling (although such inaccuracies are believed to 
be of little consequence), and have discussed 
approximations which have been used in various 
computations. These approximations are expected 
to be most serious for those antenna properties 
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fig. 2. Gain in dB of a driven element and reflector for dif¬ 
ferent spacings between elements (from NBS Report 688). 


which depend critically on precise element currents, 
such as F/B ratio. On the other hand, it should be 
possible to calculate other properties such as gain or 
directivity with reasonable accuracy (comparable to 
the accuracy of the currents themselves). The calcu¬ 
lations are expected to produce superior results for 
short antennas (few elements) and for frequency 
regions relatively close to design center frequency. 

Experimental information suitable for validation is 
frustratingly difficult to obtain! While a great amount 
of experimental results have been published, it is 
extremely difficult to find examples of accurate 
measurements made under conditions where exter¬ 
nal factors have been properly considered or elimi¬ 
nated. 

NBS Yagi experiments 

For example, let's examine the experimental 
results reported by Peter Viezbicke in NBS Technical 
Note 688. 3 This publication provides a rich range of 
gain and pattern measurements for a wide variety of 
Yagi configurations. In most cases, all relevant 
dimensions of the Yagi design are given, so this pub¬ 
lication is a fine vehicle to test the validity of theoreti¬ 
cal computational methodology; shortly, I will 
attempt to make such comparisons. At the same 
time, Technical Note 688 is a frustrating report; it 
contains several cases of inconsistent information 
and many times there is lack of supporting technical 
information. Careful documentation and editing at 
the time of publication would have made this report 
of a really excellent series of measurements much 
more valuable. 

I must first comment on the NBS experimental 
approach. Viezbicke states that all tests on the 


(receiving) test antennas were carried out using a 
nonconducting Plexiglas boom mounted three wave¬ 
lengths (3\) above ground (readers of the NBS paper 
will note that the very first figure shows 2\). The 
(transmitting) generator antenna was mounted 320 
meters (1050 feet) away and at a height above 
ground to illuminate the receiving antenna at "graz¬ 
ing angles." I interpret this to mean that the transmit¬ 
ter is also at a height over ground of 3\. The nature 
of the intervening ground, which is highly relevant, is 
never mentioned! A reference half-wavelength dipole 
is mounted about 5X to the side of the antenna under 
test (also at 3X above ground). All tests were made 
using a frequency of "400 MHz" but the frequency 
precision is never mentioned, and this may be quite 
important, as shall be seen. 

If my interpretation of the experimental setup is 
correct, received field strength at the receiving site 
will be the vectorial sum of the field from the direct 
ray and the field from the ray reflected from the 
ground at a point midway between transmitter and 
receiver. At these grazing angles, the reflectivity of 
the ground is probably near unity and for horizontally 
polarized radiation ground reflection will give a phase 
change of 180 degrees. Thus, the two rays interfere 
and nearly cancel each other, making the received 
energy nearly zero! It can be seen instantly that the 
actual received energy is extremely sensitive to the 
nature of ground midway between transmitter and 
receiver, i.e., its true reflection coefficient, its height, 
and its degree of flatness (which influences its focus- 



fig. 3. Comparison of computed gain with published NBS 
measurements (see fig. 2) for the same 2-element Yagi 
shows very poor agreement. As discussed in the text, 
however, the disagreement was apparently caused by 
measurement errors; when the NBS E and H plane patterns 
for the same antenna [s = 0.2 ) are summed and properly 
averaged, the isotropic gain is calculated to be 6.71 dBi 
(compared with 6.70 dBi in the THEORY curve in the graph). 
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ing properties). Moreover, since the reference anten¬ 
na "sees" a different ground patch midway to the 
transmitter, its inherent sensitivity can be different 
from that of the antenna under test. For example, if 
the ground patch seen by the reference antenna is 
only 1 foot (30 cm) higher than the ground patch 
seen by the test antenna, a systematic error of about 
2 dB will occur! It is clear, therefore, that the NBS 
experimental setup invites systematic errors. 

Yagi gain 

Let me turn now to the experimental results report¬ 
ed by Viezbicke. I will start with the measured gain of 

% 

table 1. Optimized lengths of parasitic elements for Yagi antennas of 
six different lengths (reflector spaced 0.2X behind the driven element, 
element diameter 0.0085X). 

Length of Yagi in Wavelengths 


Length of 

0.4 

0 8 

1.2 

2.2 

3.2 

4.2 

Reflector, X 

Director 
Length, X 

0.482 

0.482 

0.482 

0.482 

0.482 

0.475 

1st 

0.442 

0.428 

0.428 

0.432 

0.428 

0.424 

2nd 


0.424 

0.420 

0.415 

0.420 

0.424 

3rd 


0.428 

0.420 

0.407 

0.407 

0.420 

4th 



0.428 

0.398 

0.398 

0.407 

5th 




0.390 

0.394 

0.403 

6th 




0.390 

0.390 

0.398 

7th 




0.390 

0.386 

0.394 

8th 




0.390 

0.386 

0.390 

9th 




0.398 

0.386 

0.390 

10th 




0.407 

0.386 

0.390 

11th 





0.386 

0.390 

12th 





0.386 

0.390 

13th 





0.386 

0.390 

14th 





0.386 


15th 





0.386 


Spacing between 
directors, in X 

0.200 

0.200 

0.250 

0.200 

0.200 

0.308 

Gain relative to 

half-wave 
dipole. dB 

7.1 

9.2 

10.2 

12.25 

T3.4 

14.2 

Isotropic gain, dBi 

9.25 

11.35 

12.35 

14.40 

15.55 

16.35 


a 2-element (dipole and reflector) Yagi as a function 
of spacing 5. This is shown in the NBS paper as Fig. 
1 and for convenience is reproduced here as fig. 2. 
Unfortunately, Viezbicke failed to state an essential 
dimension — the actual length of the reflector itself; I 
assume that it is 0.482X (which was usually used for 
other Yagis). On this assumption I have calculated a 
theoretical result shown in fig. 3. The theoretical 
gain is expressed in dBi (referenced to an isotrope); a 
direct comparison can be made by adding 2.15 dB to 
the experimental NBS findings. 

The comparison in fig. 3 is totally unsatisfactory; 
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fig. 4. Comparison of the E and II plane radiation patterns 
for a 2-element Yagi with 0.2X spacing as measured by the 
National Bureau of Standards, left, and predicted by theory, 
right, shows good agreement. 

not only are the shapes of the plots different, the 
peak gains (at say S - 0.2 ) are very different! 
Viezbicke gets 4.77 dBi, whereas I calculate 6.70 dBi. 
In an attempt to understand this conflict, look at Fig. 
12 in the NBS publication which illustrates the meas¬ 
ured pattern of the same 2-element Yagi (S = 0.2) in 
both E and H planes. I have numerically summed and 
properly averaged the (power) response over the 
total 4ir solid angle and have found the directivity, or 
isotropic gain, to be 6.71 dBi! Thus, the measured 
pattern exhibits gain which agrees with my theoreti¬ 
cal result (see fig. 4). I can only conclude that some 
unexpected system error was present for the NBS 
series of measurements shown in their Fig. 1. 
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fig. 5. Comparison of the E and H plane radiation patterns 
for a 3-element, 0.4X long Yagi, measured by NBS, left, and 
predicted by theory, right. 
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In the NBS paper a set of six specific Yagi designs 
is shown ranging in overall length from 0,4 to 4.2 
wavelengths. If you refer directly to the NBS publica¬ 
tion you will note that the first director for the 0.4X 3- 
element design is shown in NBS Fig. 9 to be 0.442X 
long rather than 0.424X, as shown in NBS Table 1. 
With this correction, the specifications for these six 
NBS Yagi designs are listed here in table 1. 

I have calculated the theoretical gains for these six 
Yagi designs and also their theoretical patterns for 
comparison with those shown in the Viezbicke paper 
(NBS Figs. 14 through 19). For convenience in mak¬ 
ing comparisons, the NBS patterns and my newly 
■calculated theoretical patterns are shown side by side 
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fig. 6. Comparison of the E and H plane radiation patterns 
for a 5-element, 0.8X long Yagi, measured by NBS, left, and 
predicted by theory, right. 


in figs. 5 through 10. It is apparent that for all cases 
there is a striking similarity, not only in the qualitative 
details of lobe structure, but in most quantitative 
aspects! Careful scrutiny of the experimental results 
show some variances between the two halves; theo¬ 
retically, of course, the two halves are totally sym¬ 
metrical. Agreement of this kind is gratifying and 
demonstrates that the experimental patterns were 
made with great care and also that the theoretical 
calculations seem to give valid answers. This is 
especially comforting since the 4.2X Yagi design is 
very long and contains many parasites. This is pre¬ 
cisely the situation where theoretical approximations 
(cylindrical element resonant lengths, mutual, and 
self-impedances) are most sensitive. 

The gain of each of these Yagi designs can be 
obtained in several ways, and it is illuminating to 
compare all methods. Table 2 shows a comparison 
of three experimental methods, all derived from the 
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fig. 7. The E and H plane radiation patterns of a 6-element 
Yagi with a length of 1.2X — measured (left) vs theory 
(right). 


NBS data, and my theoretical calculations. Column 1 
shows the NBS measured gain referenced to a half¬ 
wavelength dipole, but corrected to give isotropic 
gain (dBi). Column 2 shows the gain calculated from 
the measured half-power main beam angles by the 
usual formula, dBi = 10 log (41253/Qh Qe ), where 
the H and E half-power angles are measured in 
degrees. 4 The third column is derived entirely from 
the experimental NBS patterns; in each case I have 
calculated the directivity by appropriately summing 
all 10 degree intervals. This pattern averaging, if care¬ 
fully done, should yield a reasonably reliable result, 
free from any systematic error (due to ground reflec¬ 
tions, for example). The last column is the result of 
my theoretical calculations made on each design. 
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fig. 8. The E and H plane radiation patterns for a 12-element 
Yagi with a length of 2.2X — measured Heft) vs theory 
(right). 
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In table 2, note that column 1 (NBS measure¬ 
ments) and column 4 (theory) are in agreement with¬ 
in Viezbicke's stated estimated accuracy of about 0.5 
dB with the exception of the value for the 2-element 
Vagi (discussed earlier). Column 2 is derived from 
measured half-power angles; it is quite difficult to 
determine such angles with any great precision and, 
moreover, the method is nothing more than a crude 
approximation at best. Column 3 (derived from NBS 
experimental patterns) is in remarkable agreement 
with theory in all cases, especially considering that 
the summation in 10 degree intervals is really too 
coarse and that values in these 10-degree intervals 
were only "eyeballed” from the published NBS 
patterns. 


table 2. Gain of six different NBS-designed Yagi antennas, in 
dBi, as determined by four different methods. 

calculated 
NBS from 


NBS Yagi 

measure¬ 

half-power 

pattern 

compute 

type 

ments 

beamwidth 

integration 

derived 

2 element (0.2X) 

4.77 

7.50 

6.71 

6.70 

3 element (0.4X) 

9.25 

10.02 

9.62 

9.16 

5 element (0.8X) 

11.35 

11.86 

11.41 

10.73 

6 element (1.2X) 

12.35 

13.90 

12.64 

11.80 

12 element (2.2X) 

14.40 

15.28 

14.28 

14.04 

17 element (3.2X) 

15.55 

16.63 

15.47 

15.20 

15 element (4.2X) 

16.35 

17.38 

16.22 

15.71 


table 3. Measured and calculated gain in dBi of Yagi anten¬ 
nas with average director lengths. 


NBS Yagi 

director 

NBS 

measured 

computed 

type 

length 

gain 

gain 

5 element (0.8X) 

0.4260X 

11.27 

10.68 

6 element (1.2X) 

0.4240X 

12.24 

11.71 

12 element (2.2X) 

0.4017X 

13.92 

13.62 

17 element (3.2X) 

0.3946X 

14.83 

14.68 

15 element (4.2X) 

0.4008X 

15.55 

15.15 


effect of director length 

Fig. 7 in the NBS report shows an interesting 
experimental result: The selected designs are superi¬ 
or in gain to simplified Yagis (all directors of equal 
length) for booms longer than about one wavelength. 
Although Viezbicke did not give the lengths of the 
directors used for the simplified Yagis, I have made 
calculations using directors with lengths that are the 
average of those used in each of the five longer 
Yagis. His measurements of gain and my theoretical 
calculations are shown in table 3. Again, these 
results are in satisfactory agreement. 

Fig. 11 shows a graph of my theoretical results for 



fig. 9. E and H plane radiation patterns of a 17-element, 3.2X 
long Yagi — measured (left) vs theory (right). 


both tables 2 and 3, together with the published 
NBS experimental points. Note that the theoretical 
results support the idea that while the simplified 
(equal director length) Yagi is just as good as a more 
sophisticated design for booms shorter than one 
wavelength, a slight gain improvement in the gain of 
long Yagis is apparently possible by using directors 
of different lengths. 

Viezbicke's Fig. 9, reproduced here as fig. 12, 
shows the results of an interesting experiment in 
which gain for a given Yagi design was measured 
using a series of different director lengths. Gain 
curves were produced for each of a wide range of 
element diameters. These measurements allow an 
interesting test of the theory of the reactance of 
cylindrical elements (see eqs. 4, 5, and 6 in my previ¬ 
ous article). 1 In principle, the peak of each gain curve 


NBS MEASUREMENTS COMPUTED 



fig. 10. Eand H plane radiation patterns of a 15-element, 4.2X 
long Yagi — measured (left) vs theory (right). 
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should correspond to a single element reactance; this 
reactance value should, of course, be the same for all 
peaks. The reactance of the directors can be calcu¬ 
lated from eqs. 4, 5, and 6 using the lengths of an 
element which gives the peak gain for each element 
diameter. From fig. 12, I have estimated, as carefully 
as possible, the lengths of elements which produce 
peak gain; table 4 shows the results. 

The standard deviation actually corresponds to an 
element length variation of only 0.3 per cent; it is like¬ 
ly that such an error could easily occur in estimating 
the position of the peak gain or even in physically 
constructing the elements used in the experiment. 
Thus, this experiment seems to give strong support 
for the theory of cylinder length resonances. 


table 4. Element lengths (estimated from fig. 12) which pro¬ 
duce maximum gain, their resonant length LER, and the re¬ 
actance X in ohms. Average reactance is -77.22 ohms; 
standard deviation is 2.24 ohms. 


element length X 


diameter 

inches 

(cm) 

LER 

(ohms) 

0.08 cm 

13.163 

(33.4) 

0.4816X 

-81.07 

0.16cm 

13.033 

(33.11 

0.4791X 

- 75.63 

0.32 cm 

12.767 

(32.4) 

0.4759X 

-75.88 

0.64 cm 

12,358 

(31.4) 

0.4714X 

-78.57 

0.95 cm 

12.093 

(30.7) 

0.4680X 

- 78.28 

1.27 cm 

11.860 

(30.1) 

0.4650X 

- 77.93 

1.59 cm 

11.674 

(29.7) 

0.4622X 

-76.68 

2.54 cm 

11.191 

(28.4) 

0.4548X 

-73.70 


gain variations 

Perhaps one of the most interesting experimental 
results of the NBS work is the strange "oscillating" 
gain characteristic shown in Viezbicke's Figs. 4, 5, 
and 6, reproduced here for convenience in figs. 13, 
14, and 15. I have attempted to calculate a number of 
these cases and although the oscillating gain phe¬ 
nomenon does show up, the detailed agreement 
between experiment and theory is not impressive. 
However, I have found that the exact behavior of 
these long and heavily (director) loaded arrays is criti¬ 
cally dependent on frequency and/or exact director 
lengths. Accordingly, I have run calculations for sev¬ 
eral frequencies around the central frequency (nor¬ 
malized to unity). The results are shown in fig. 16, 
where the theoretical calculated points for each fre¬ 
quency are connected by line segments for clarity. 

Superimposed on the plots of fig. 16 are Viez¬ 
bicke's experimental points, which should corre¬ 
spond to the theoretical calculations. The theoretical 
results generally show that the accurately computed 
points do not really lie on a smooth curve; this is the 
reason connecting lines are used. Theory does give 
the oscillating gain phenomenon, but it also shows 



fig. 11. Graphical comparison of the data from tables 2 and 3 
showing theoretical (computed) gain and measured gain 
figures published by NBS. Computed curves support NBS 
Report 688 which shows slight gain increase is possible with 
different-length directors. 


that the details depend sharply on the exact transmit- 
terfrequency. Pretty good agreement can be obtained 
between experiment and theory if it is assumed that 
slightly different frequencies (± 1 to 3 per cent) were 
used from experiment to experiment. It is perhaps 
significant that the most likely frequency does not 
appear to be systematically high or systematically 
low. It is unfortunate that Viezbicke neither specified 
frequency accuracy, nor published the exact fre¬ 
quency for each experiment. 

The theoretical results are interesting from three 
points of view. First, for a given frequency the calcu¬ 
lated points do not appear to lie on a smooth curve; it 
is likely that the gain varies somewhat with side- and 
back-lobe structure. The calculated F/B ratio varies 
greatly from point to point and it would seem reason¬ 
able that there would be some reaction on forward 
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fig. 12. Measured gain vs director length at 400 MHz for a 
Yagi 1.25X long, using three directors of different length and 
diameter, spaced 0.35X. 
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gain. Secondly, for long Yagis the results vary signifi¬ 
cantly with the exact frequency used! Third, detailed 
calculations show that beyond the end of the first 
"oscillating" gain cycle, Yagi gain is not maximum in 
the plane of the Yagi; instead, the front beam 
appears to develop a central dimple causing maxi¬ 
mum gain to occur at an appreciable elevation angle. 
(The plots in fig. 16, however, show only the gain at 
zero elevation angle because this is what was pre¬ 
sumably done in the NBS experiments). 

Note that all three of these behavioral aspects of 
long Yagis derive from theoretical computations; 
they were not even suspected by the NBS experi¬ 
menters! This illustrates the point that an extensive 
variety of Yagi configurations can be explored much 



fig. 13. Yagi gain as a function of length (number of direc¬ 
tors) for different constant spacings between directors of 
length equal to 0.382X (Fig. 4, NBS Report 6881. 


faster theoretically, and with much more relative 
accuracy, than can be accomplished experimentally. 
As a result, new concepts and understanding are 
emerging. 

summary 

Let me summarize the overall comparison of the 
experimental results of the NBS group with the theo¬ 
retical results. The comparisons show total agree¬ 
ment on Yagi gain for an astonishing range of models 
with the single exception of the direct measurements 
on a 2-element beam. A gain figure derived from the 
measurement of the pattern of the 2-element beam, 
however, does agree with theory; it is my belief that 
some unanticipated error was made by the NBS 
group in their measurements. 

The comparisons also show excellent agreement 
for Yagi patterns, again over a wide range of models. 
This should be a very sensitive test of the accuracy 
with which mutual and self-impedances are repre¬ 



fig. 14. Yagi gain as a function of length (number of direc¬ 
tors) for different constant spacings between directors of 
length equal to0.411\ (Fig. 5. NBS Report 688). 


sented, as well as the resonant frequency calcula¬ 
tions of cylindrical elements. This latter point is also 
strongly supported by the consistent values of para¬ 
sitic element reactance for elements whose diam¬ 
eters vary over a range of greater than 30 to one. 

Finally, the strange "oscillating" gain phenome¬ 
non observed by Viezbicke can be reproduced theo¬ 
retically. Agreement is only qualitative if the NBS 
group used an accurate 400.0 MHz frequency in their 
tests; however, the comparisons suggest that they 
may have actually used a nominal "400 MHz," with 
frequencies within a range of ±3 per cent. In this 
event, the comparisons indicate a potentially remark¬ 
able agreement in quantitative aspects as well. 

Since these comparisons include very long Yagi 
models (up to 6X long) and correspondingly large 
numbers of parasitic elements (up to 40), it seems 
certain that the computational methodology I have 
outlined should be generally trustworthy. This should 
be especially true for shorter antennas (with fewer 
elements) with which I will be primarily concerned 
throughout this series of articles. Especially note¬ 
worthy is the fact that all computed results contain 



fig. 15. Yagi gain as a function of length (number of direc¬ 
tors) for different constant spacings between directors of 
length equal to 0.424X (Fig. 6, NBS Report 688). 
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fig. 16. Graphs of Yagi gain vs overall antenna length for 
various director spacing and director lengths at small fre¬ 
quency differences; frequency designations on each plot 
have been normalized to the center design frequency. 
Points which are not interconnected are experimental data 
published in NBS Report 688. 


no adjustable constants or parameters; they are all 
derived from basic physical principles using ade¬ 
quately accurate mathematical approximations. 
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high-performance 

broadband balun 


Theory and design 
of broadband 1:1 baluns, 
with construction details 

for an 
improved model 
of the well-known 
W1JR balun 

Sometimes equipment that looks the simplest to 
build is really the trickiest to make work, and vice 
versa. Take, for instance, a balun. What sounds 
simpler than wrapping a few turns of transmission 
line around a toroid and getting a balun? Or do you? 
My experience is that you may, but then again you 
may not. 

Over the last few years many articles have 
appeared on the 1:1 balun, but absolutely no infor¬ 
mation — to the best of my knowledge — on why 
they work, how to design one, or, equally important, 
how to test one. 

Almost 100 years ago, the eminent British physi¬ 
cist, Lord Kelvin, said, in effect, "If you can express 
what you are speaking of in numbers, you under¬ 
stand it. If you cannot express it in numbers, your 
knowledge is very meager and unsatisfactory." From 
this standpoint, our knowledge of 1:1 baluns is "very 
meager and unsatisfactory" indeed! 

In this article I give a brief description of the histori¬ 
cal development of the balun, explain how a 1:1 
balun works, include a procedure for designing a 
balun, show some pitfalls that are all too easy to fall 
into, and finally present some test results on a balun I 
have built. 

brief history 

The concept of a broadband balun made by wind¬ 
ing a transmission line into an inductance originated 
in 1944 by G. Guanella 1 of the Brown-Boveri Com¬ 
pany in Switzerland. In 1959, Ruthroff 2 of Bell Labo¬ 
ratories wound the transmission line onto a ferrite 
toroid and obtained bandwidth ratios as high as 


20,000:1. His paper appears to be the takeoff point 
for the present balun designs. In the Amateur litera¬ 
ture, Dick Turin, 2 Jerry Sevick, 4 Bill Orr,5,6 and j Q e 
Reisert 7 have all presented articles on broadband 
baluns. 

theory of operation 

Consider a balanced transmission line of character¬ 
istic impedance Z c * = R L , wound into an induc¬ 
tance, and feeding a balanced load R L , as shown in 
fig. 1 (A). he normal transmission line currents, ij 
and i 2 , are out of phase; their magnetic fields cancel, 
and the inductive reactance is essentially zero or, at 
least, very low compared with the transmission-line 
characteristic impedance. As far as these currents 
are concerned, the balun appears only as an added 
length of transmission line, of characteristic impe¬ 
dance Z ch , tied to the end of the usual unbalanced 
transmission line whose characteristic impedance is 
also Z c h- If the load is balanced with respect to 
ground, the voltage at the junction point G will be 
zero with respect to ground; the current i g will also 
be zero. 

That this is true can be seen from the following 
argument: Assume that the voltage at G is not zero; 
the unbalance can be represented by a voltage gen¬ 
erator, which causes a current i g to flow, as shown in 
fig. 1 (B). This current divides into tw,o in-phase cur¬ 
rents, i g = i) + i 4 , which flow through the two 
windings of the balun. Since these currents are in 
phase, their magnetic fields will add instead of can¬ 
celling, and the balun winding will appear as an in¬ 
ductance. If the inductive reactance of the balun 
winding is sufficiently large compared with R^/2, the 
in-phase currents that cause the unbalance will be 
essentially zero compared with the normal transmis¬ 
sion line currents, ij and i 2 . 

Thus, if the balun is working properly, it will pro¬ 
vide a high impedance to in-phase components and a 
low impedance to out-of-phase components, effec¬ 
tively isolating the balanced and unbalanced sides of 
the balun. 

In theory, then, the problem of designing a balun 
boils down to simply winding an inductance to pro¬ 
vide a high impedance over the required frequency 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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fig. 1 (A): Basic 1:1 balun schematic. Circuit transforms an 
unbalanced transmission line of impedance to a bal¬ 
anced load R l . where R t = Z ch . (B): Schematic of a 1:1 balun 
showing an unbalanced condition represented by an un¬ 
balanced generator, E UNBAl . (C): A 1:1 balun with a tertiary 
winding, E-F. (D): The left-hand drawing shows an inductor 
with a few of the possible infinitesimal stray capacitors. 
These can be equated to one shunt capacitor, as shown in 
the right-hand drawing. 

range. Unfortunately, life is not always simple; 
neither are baluns, for although their theory is 
simple, their actual design is quite involved. First, de¬ 
signing an inductance to provide a high impedance 
over a wide frequency range can be a substantial 
problem. Second, for the winding to be a high impe¬ 
dance over any frequency range, the current required 
to magnetize the core must flow without disrupting 
the desired signal current and the voltage relation¬ 
ship existing in the balun or load. In a 1:1 balun, this 
is accomplished by adding a tertiary winding, as 
shown in fig. 1 (C). This tertiary winding, in turn, 
must be designed and constructed so that it does not 
create any additional problems of its own. But, as 
we'll see later, although the tertiary winding will con¬ 
siderably complicate matters, it is absolutely essen¬ 
tial if acceptable balance and good low-frequency 
response are to be obtained. I'll now discuss these 
problems in detail as they are related to balun design. 


inductance 

In designing an inductor to be used over a wide 
bandwidth, the basic problem is capacitance — stray 
capacitance. Schematically, an inductor is drawn as 
a coil of wire; note the solid line in fig. 1 (D). Physi¬ 
cally, however, stray capacitance is present as sug¬ 
gested by the dotted lines. Actually, the capacitance 
is distributed; i.e., it exists between every infinitesi¬ 
mally small length of coil and every other infinitesi¬ 
mally small length of coil; it is not discrete, as implied 
in fig. 1 (D). The effectiveness of these incremental 
capacitors depends on how much energy each one 
stores. The energy stored by a capacitor is equal to 
energy = ~ CE 2 , where C is the capacitance in 

farads and E is the voltage across the capacitor ter¬ 
minals; therefore, it is important to minimize the 
capacitance across those parts of an inductance 
where the voltage is the largest; i.e., at the ends of 
the coil. Unhappily, this is not always possible! 

Since it's very difficult to consider all the incre¬ 
mental capacitors in analyzing the behavior of an 
inductance, it has become standard practice to 
hypothesize a single capacitor connected across the 
entire coil storing the same amount of energy as all of 
the incremental capacitors and to call this the stray 
capacitance of the coil. 

As the frequency across the inductance is in¬ 
creased, a frequency will be reached where the 
inductance and stray capacitance will become paral¬ 
lel resonant; at this frequency, the inductor will 
appear as a very high resistance. As the frequency is 
further increased, the reactance decreases to zero. 
At the series-resonant frequency, the coil impedance 
becomes very low. For a balun, the series-resonant 
region must be avoided, as all isolation between the 
balanced and unbalanced sides of the balun is lost. 
My experience has been that it's necessary to limit 
operation to about one octave below (one-half) the 
series-resonant frequency, or else the balun phase 
and amplitude balance balun will be upset. 

Probably the most readable and useful discussion 
of wideband inductor design in either the profession¬ 
al or Amateur literature was written by Vernon 
Chambers 8 over 25 years ago. Chambers' article 
refers to the design of rf chokes, but the basic prob¬ 
lems are similar to baluns. More recently, Doug 
DeMaw 9 has written a very helpful article on toroid 
inductor design. 

As implied previously, one of the most effective 
ways of reducing the distributed capacitance is to 
separate the ends of the winding as much as possi¬ 
ble. This brings us to the concept of the super toroid. 

super toroid 

The super toroid was developed in the 1970s by 
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T.A.O. Gross, 10 primarily as a means of reducing 
stray pickup from external fields, but was introduced 
to the Amateur community only recently by Reisert. 7 
With the super toroid, one-half the circumference of 
the toroid is wound in the usual manner. The winding 
is then taken across the diameter of the core and the 
last half wound in the opposite direction, as shown in 
fig. 2. The advantage of this type of winding for 
balun application is that the ends of the winding, 
where the voltage is the highest, are at opposite 
sides of the core where the capacitance is minimum. 

Every inductor I've wound using the super toroid 
technique has had bandwidth characteristics superi¬ 
or to the same core wound with an equal number of 
turns in the usual manner! Why not use the super to¬ 
roid concept, then, in the balun? The problem is the 
tertiary winding. 

tertiary winding 

As we know, a balun functions by providing a high 
impedance, usually inductive, between the balanced 



fig. 2. A toroidal core wound with a super toroid winding. 
This core is wound with clothes line to make it show up bet¬ 
ter in the photograph. 


and unbalanced sides. To obtain this inductance, it's 
necessary that a path be provided for magnetizing 
current. Ruthroff 7 states that with the balanced load 
disconnected, a dc path must exist between the un¬ 
balanced input side and ground. The way of provid¬ 
ing this is to use a tertiary winding as shown in 
fig. 1 (C). 

This circuit is easier to visualize if redrawn in the 
form of an autotransformer as shown in fig. 3. Volt¬ 
age levels with respect to ground are also shown, 
and it is seen that the effect is that of a 1:1 autotrans¬ 
former with the voltages on the balanced side low- 



fig. 3. A balun with a tertiary winding drawn in the form of 

an autotransformer. The voltage across each winding is | 
volts. 

ered by ^ volts, compared with the unbalanced input 

voltage. The total voltage across either the input of 
the balun or the balanced output, however, is still the 
same, F. volts. 

The path for the magnetizing current is also evi¬ 
dent: from the unbalanced generator through wind¬ 
ings A-B and then E-F to ground. The important 
point to note is that the magnetizing current does not 
pass through either half of the load impedance. If the 
balun is to couple a balanced generator to an unbal¬ 
anced load, and the unbalanced side is open cir¬ 
cuited, the magnetizing current will pass through the 
tertiary winding, E-F, and the lower half of the trans¬ 
mission line, C-D, back to the balanced generator 
without passing through the load impedance. 

practical considerations 

To show the practical need for tertiary winding. I'll 
discuss the effects that the lack of a tertiary winding 
will have on balun performance. Consider the 1:1 
balun with no tertiary winding, as shown in fig. 4. 
Because of the instrumentation considerations, it's 
easier to use a balanced load, consisting of two 

equal-value resistors, each of value ^, and to make 

measurements at the unbalanced side rather than 
vice versa, which would require a balanced impe¬ 
dance bridge. The center of these two resistors may 
be grounded, as in fig. 4 (B), or ungrounded, as in 
fig. 4 (A). If the balun is working properly, there will 
be no difference whether the resistors' center is 
grounded or not. Any differences can give an impor 
tant clue as too the type of problem being encoun¬ 
tered. In all cases, I'll assume the total load impe¬ 
dance, R t , is equal to the characteristic impedance, 
Z fA , of the transmission line. 

First, let's assume the center tap of the load is not 
grounded, as in fig. 4 (A). The resistive component 
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fig. 4. Test circuit for a 1:1 balun without a tertiary winding, 
with and without the load impedance centertap grounded. 
Z ch = H l in both cases. 

of impedance looking into the unbalanced end will be 
R l ohms regardless of the frequency. In fact, it will 
t^e R l ohms if measured with a dc ohmmeter. 

Thus, you can be lulled into a false sense of securi¬ 
ty if you depend on impedance measurements alone. 
This happened to me. I ran down to the low frequen¬ 
cy limit of the signal generator, and the impedance 
remained on 50 ohms! But let's look at what happens 
to the balance in the output voltage in both magni¬ 
tude and phase. This latter point does not appear to 
have been considered by most writers on baluns. 

phase shift 

Ideally the voltages between point B and ground 
and D and ground (fig. 3) should be equal in magni¬ 
tude and opposite in phase. Each of these voltages 
should also be equal to one-half the voltage between 
A and ground (the input voltage). As the frequency 
is lowered below that at which balun action is effec¬ 
tive, the voltage at B will approach that at A, and the 
voltage at D will approach zero. The total voltage 
across R L is still equal to the input voltage but not 
balanced with respect to ground. 

The need for magnetizing current can be verified 
by making voltage and phase measurements across 
the two halves of the balanced load. The phase and 



fig. 5. No tertiary winding. Phase and amplitude of balanced 
output voltages — load centertap not grounded, as in fig. 
4(A). 


magnitude of the output voltage as a function of fre¬ 
quency are shown in fig. 5 for the case where the 
load resistance centertap isn't grounded. The ampli¬ 
tude measurements are shown in dB with respect to 
the input voltage; the voltage across each half of the 
load resistor should be one-half, or 6 dB down, from 
the input voltage. The phase measurements are the 
phase difference between the balanced output volt¬ 
ages; these, of course, should be 180 degrees apart. 
These measurements are plotted in fig. 5. 

After looking at fig. 5, you're probably thinking, 
"No well-behaved balun would act like that. There 
must be something wrong with his test setup." My 
answer is that the balun is not well behaved and 
there's nothing wrong with the test setup. 

Let's look at the same balun, measured at the 
same time, with the same equipment, but with the 



fig. 6. Same as in fig. 5 but with the load centertap grounded 
to provide a path for the magnetizing current. This balun is 
usable between 3 and 36 MHz. 


load-resistor centertap grounded. The magnetizing 
current now has somewhere to flow. The amplitude 
and phase responses shown in fig. 6 are very close to 
what one would expect. The balun appears to be 
usable over 3-35 MHz, just by groundirtg the load im¬ 
pedance centertap! This, I believe, demonstrates the 
necessity of providing a path for the magnetizing 
current. 

Before leaving the subject, look at the input impe¬ 
dance of the balun with and without the load center- 
tap grounded, as shown in fig. 7. There is very little 
difference between the two impedance curves, so 
we can conclude that impedance measurements by 
themselves are not necessarily a good measure of a 
balun's actual performance. 

So, a path for the magnetizing current is absolute¬ 
ly necessary, but grounding the centertap may not 
be practical in all cases and it causes an unbalance 
even when it is possible. This result leads us to look 
at another way of providing a path for the magnetiz¬ 
ing current, namely, a tertiary winding. 

coupling between windings 

As previously noted, the tertiary winding is con¬ 
nected between the high side of the balanced output 
and ground as shown by E-F in figs. 1 (C) or 3. You'll 
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dure can now be worked out as follows: 



fig. 7. Input impedance of 50-ohm balun without tertiary 
winding. Load impedance = 55.7 ohms balanced. 


T? 

observe that it must support a voltage of ^ volts, the 

same as each of the main windings. In fact, if accu¬ 
rate amplitude and phase balance are to be main¬ 
tained at the balanced terminals, the voltage across 
all three windings must be the same at all frequen¬ 
cies. This implies that the coupling between all three 
windings must be very tight; indeed, the tightness of 
coupling is one factor that determines the balun 
bandwidth, a need that doesn't seem to have been 
pointed out before. 

The degree of coupling between the main wind¬ 
ings is not a problem as these windings are part of a 
transmission line. The coupling between these wind¬ 
ings and the tertiary winding, however, is crucial. I'll 
discuss how to accomplish tight coupling when I 
describe construction details. 

The requirements imposed on the tertiary winding 
are basically the same as those on the main winding: 
first, the tertiary must support a voltage of sec¬ 
ond, the series-resonant frequency should be at least 
one octave above the highest operating frequency; 
and third, the tertiary winding must have the same 
number of turns as the main winding and be very 
tightly coupled to it. 

impedance levels 

There seems to be a difference of opinion about 
the inductive reactance required on a balun winding. 
The usual number given suggests that the reactance 
at the lowest operating frequency should be at least 
ten times the characteristic impedance of the balun. 
This might be a good number to use if the entire in¬ 
put voltage, E, were across the balun winding. Ac¬ 
tually, only one-half the input voltage is across any 
one winding so that the reactance-to-characteristic- 
impedance ratio can be reduced to 5. In his article, 
DeMaw 9 suggests a value of 4; this ratio will give a 
maximum VSWR of 1.64:1, which is better than most 
Amateurs achieve anyway. 

design procedure 

With the preceding background, a design proce¬ 


1. Number of turns and core size. The first prob¬ 
lem is to select a core size and determine the number 
of turns. These two choices are interrelated. If good 
high-frequency performance — above 30 MHz — is 
required, small physical size is important. Where 
good low-frequency performance is important 
and/or high power will be used, a large size is indi¬ 
cated. If all three characteristics are desired, obvious¬ 
ly compromises must be made. 

Based on the experience of Reisert, 7 I started with 
an Indiana General F-568-1 core of Q-1 material. 
Next, I wound a test coil on the core; it's not neces¬ 
sary to use actual transmission line for this test wind¬ 
ing provided the winding has the same form as that 
of the final winding. I used no. 16 (1.3-mm) enamel 
wire with the turns spread out to occupy the same 
space as the final transmission line (RG-141/U coax 
in this case). 

Next, I measured the coil impedance over the fre¬ 
quency range of interest, 3.5-30 MHz. The reactance 
should be at least four to five times the characteristic 
impedance over the entire frequency range desired. 

It's a good idea to extend the impedance measure¬ 
ments to at least one octave above and below the 
wanted frequencies to ensure that the impedance is 
well behaved. You should find that the reactance 
peaks up at a given frequency, then falls off, and 
eventually goes negative. The peak is the parallel-res¬ 
onant frequency of the winding. The frequency at 
which the reactance is zero is the series-resonant fre¬ 
quency; this frequency must be at least twice the 
highest frequency at which the balun will be used. 



FREQUENCY (MHz I 


fig. 8. Susceptance of a ten- and twelve-turn coil on a 
F-568 1 core of Q1 material. 

Generally speaking, it will be found that, for a 
given core and winding form, the ratio of highest-to- 
lowest usable frequency will be approximately con¬ 
stant. Changing the number of turns will just slide 
this ratio up or down on the frequency scale. 

Measurements made on a 10- and 12-turn balun 
are shown in fig. 8. I' ve plotted susceptance 
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(B = ^) since a high reactance or low susceptance 

is desired; the curve would be off the paper over 
most of the frequency range for any reasonable reac¬ 
tance scale. If it's required that the reactance be 250 
ohms (five times the characteristic impedance), the 
required susceptance range is between -4 milli- 



fig. 9. The measured resistive and reactive components of 
input impedance of a 12-turn balun with a tertiary winding. 
The load impedance was 55.7 ohms. The theoretical resis¬ 
tive component is shown by the dotted line. 


siemens and 4 millisiemens.* This places the low-fre¬ 
quency limit at about 2 MHz for the twelve-turn 
winding and 3 MHz for the ten-turn. 

The real (resistive) component of impedance, if 
measured on a series equivalent basis, should be no 
more than one-tenth, and preferably one-twentieth, 
the load impedance. If this component is measured 
on a parallel basis, it should be at least ten to twenty 
times the load impedance. 

If you can't get enough turns on the core, you'll 
have to use a larger core or a higher permeability 
material. I found that twelve turns would cover 2 
MHz through 30 MHz. Comparing my frequency 
range with Reisert's, 7 I found that Reisert required 
the reactance of the winding to be at least ten times 
the characteristic impedance of the line, while I 
allowed the reactance to drop to five times the load 
impedance. 

We can now turn our attention to the transmission 
line. 

2. Transmission line. It doesn't seem to be general¬ 
ly appreciated, but the characteristic impedance of a 
balun transmission line must match the load impe¬ 
dance. This is not because of VSWR considerations 
but to obtain a flat frequency response at the high- 
frequency end of the balun. This implies two require¬ 
ments which are seldom true in the Amateur case; 
First, the antenna impedance must be accurately 
known, whereas it is usually estimated. Second, 
even if you do know your antenna impedance, how 
do you design a transmission line suitable for balun 


* Millisiemens are the SI units of conductance and susceptance replacing 
the millimho; the abbreviation is mS. 


use with that impedance? Since the design of balun 
transmission lines would take an article itself. I'll not 
consider it further. 

To see the effect of a mismatch, let's jump ahead 
and look at the measured input impedance of the fin¬ 
ished balun, which is shown in fig. 9. Here, the 50- 
ohm coax was terminated in a 55.7-ohm balanced 
load. By Amateur standards, this is a very close 
match, yet the input impedance sags by more than 
10 per cent at 30 MHz. Why? 

To find out, let's go back to the basics. The length 
of coax used to wind the balun measured a quarter- 
wavelength long at 45.33 MHz. At this frequency, 
then, the input impedance for a 55.7-ohm termina¬ 
tion should be 44.88 ohms caused by the quarter- 
wave impedance inversion effect. For lower frequen¬ 
cies, the theoretical input impedance, as calculated 
from the transmission-line equation, is shown by the 
dotted line; in fig. 9 note that the measured and 
theoretical are within 1 or 2 ohms to beyond 30 MHz. 

I could therefore have dramatically flattened the in¬ 
put impedance curve by securing a better impedance 
match at the output end. 

If a balun designer were to look at the drooping in¬ 
put impedance curve, without realizing its true 
cause, he would think he had a bad design. On the 
contrary, there's nothing wrong with his balun that a 
better match wouldn't cure. 

A mismatch has another detrimental effect — 
namely, it adds reactance. Assuming the mis¬ 
matched load is a pure resistance and the mismatch 
is small, which I have, the maximum reactance will 
be generated when the balun is about one-eighth 
wavelength long, or at about 22.6 MHz in this case. 
Notice the dip in reactance around that frequency. 

This also points out the fact that, where a mis¬ 
match may occur, the balun winding should be as 
electrically short as possible. If the balun described 
were to be used on a triband beam for, say, 10, 15, 
and 20 meters, at least one turn, and possibly two, 
should be removed from the balun. 

The rise in reactance at the low-frequency end is 
caused by the shunting effect of the tertiary winding. 
If it's assumed that the series equivalent reactance 
must be less than one-tenth the load impedance, the 
limiting frequency for this effect is less than 1.5 MHz. 

Since this balun will be used in a 50-ohm system, a 
50-ohm line will be used: RG-141 /U, which is coaxial 
cable. I'm not particularly happy about using coaxial 
cable for both electrical and mechanical reasons, but 
I haven't been able to construct a 50-ohm balanced 
line that I consider satisfactory; so coax it is. 

construction 

Before winding the toroid, let's consider the terti- 
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ary winding. I said earlier that the tertiary winding 
should have the same number of turns as the main 
winding and must be coupled very tightly to it. This 
latter requirement means that the tertiary must be 
wound as close as physically possible to the main 
winding. 

To ensure this, I removed the fabric covering from 
the RG-141/U but left the outer Teflon layer of insu¬ 
lation. I placed a length of no. 18 (1-mm) enamel wire 
against the Teflon and covered it with heat-shrink 
tubing. When the tubing had shrunk to size, I had a 
compact assembly that could be wound as a single 
unit on the Indiana General F-568-1 toroid core.* 

The proof of a balun is in how well the output volt¬ 
ages are balanced with respect to ground in both 
phase and amplitude. Fig. 10 shows these measure¬ 
ments. The amplitude deviation is from equal ampli¬ 
tude (zero dB), and the phase is the actual phase of 
the low side of the balun with respect to the high 
side. This value, of course, should be 180 degrees. 



fig. 10 Amplitude and phase measurements at the balanced 
terminals. 

These measurements were made with a Hewlett- 
Packard model 8405A Vector Voltmeter. Notice that 
both deviations peak at about 40 MHz. This could be 
a manifestation of the impedance mismatch and the 
quarter-wavelength frequency. If so, it points out 
again the importance of an accurate impedance 
match between balun and load impedances. Even 
considering the mismatch effect, the balance isn't 
too bad. It's within 1 dB and 10 degrees to 30 MHz. 

conclusion 

I've attempted to explain how a balun works and 

*A complete kit of parts for the high performance balun is available from 
Radiokit. Box 429. Hollis, New Hampshire 03049 
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fig. 11. The finished balun. 

to clarify some of the problems you must be careful 
about when designing and building a balun. I've 
emphasized the importance of 1) tight coupling be¬ 
tween the main and tertiary windings of a balun and 
2) good impedance matching between the balun and 
load. I feel strongly about this to the extent that I 
believe balun manufacturers should include impe 
dance information in their specifications. 

I've also given one method of building a balun to 
minimize the adverse effects of these problems. I 
don't pretend that the balun design I've presented is 
the only way around the physical limitations of a 
balun; it's simply my best so far. 

I hope my discussion of balun problems inspires 
others to experiment and to produce a better balun. 
With ingenuity, testing and a bit of luck, the balun of 
the future can indeed be better than ever. 
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INEXPENSIVELY SUPERIOR 

The DS2000 KSR is the lowest 



\ with these advanced features 


■ TX/RX operation on Baudot and ASCII RTTY plus Morse Code (Morse RX optional) 

■ Integrated keyboard and video generator allows editing of transmit text 

■ Full 24 line by 72 characters per line display 

■ Bright/dim display of characters differentiates between TX and RX display 

■ Morse receive option may be added at any time 

■ Separate CW identification key for RTTY operation 

■ Status line on top of screen shows terminal operating conditions 

■ Pretype transmit message into 255 character buffer; edit before transmitting 

■ 2 programmable Here Is messages 

■ Word-wrap-around prevents word splitting at end of display line 

■ Word mode allows editing of text to be transmitted 

■ Quick Brown Fox and RYRY test message keys 

■ Small size metal cabinet gives effective RFI shielding from transmitters 

■ Loop compatible RTTY connections and plus or minus CW key connections 

■ 110 and 300 baud ASCII 

■ 45.50.57,74.100 baud Baudot 

■ 1-175 wpm Morse transmit 

■ 1-175 wpm optional Morse receive 

■ 120/240 v, 50/60 Hz power 

■ Internal CW side-tone 

■ UnShift On Space for Baudot 

■ Keyboard Operated Switch 

■ SYNC idle for RTTY 

■ One year warranty 

Write or give us a call. We'll be glad to send you our new RTTY catalog. 

fl mu HAL COMMUNICATIONS CORP. 

; If I I Box 365 

T-l I Urbana, Illinois 61801 
I /I | u 217-367-7373 

For our European customers, contact. Richter & Co. D3000 
Hannover 1 • I.E.C. Interelco. 6816 Bissone/Lugano • Radio 
Shack Ltd.. London NW6 3AY • Erik Torpdahl Telecom, DK 3660 
Stenlose Denmark 


HAL Communications and 
amateur radio serving 
the 1980 Winter Olympics 
through W.O.R.A.N. 
(Winter Olympics Radio 
Amateur Network) 


DS2000KSR.$499.00 

ESM-914 Video Monitor $169.00 
MR2000 

Morse receive option .$159.00 
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third-generation Touch-Tone decoder 


Another approach to 
the Touch-Tone decoder 
for your repeater or 
remote-base station 

If you own a repeater or a remote-base station, 
you've probably been faced with the problem of 
coming up with a good Touch-Tone* decoder. Now 
you can throw away your toroids and NE567s. Also, 
you can throw away the falsing problems that go 
with these devices and still not throw away half a 
month's salary in the process. 

I'm talking about the Mostek MK5102N-5 decoder 
chip. 1 This device accepts the audible Touch-Tones 
and converts them to either row-column information 
or BCD four-bit binary information. The chip also pro¬ 
vides a valid strobe for logic interfaces. The only 
external parts required are a 3.579545-MHz TV color- 
burst crystal and a band separation filter-limiter 
circuit. 

To prevent falsing, the decoder requires 40 milli¬ 
seconds of valid tone before the strobe and outputs 
generate output information. When used in the cir¬ 
cuit described here, an input level variation above 20 
dB presents no falsing problems. Differences in level 

* Touch-Tone is the registered trademark of the American Telephone and 
Telegraph Company. 


between the high and low tones (twist) of over 6 dB 
don't affect performance. 

features 

The circuit provides the following features for use 
in a repeater or remote-base application: 

1) Sixteen outputs for use in control circuits 

2) Requires five tones of proper frequency and order 
within five seconds of the first digit before a control 
output is generated 

3) Provides *, #, 1, and 0 for use in autopatch appli¬ 
cations (optional) 

4) All ten digits are available for use in a regeneration 
autopatch system (optional) 

5) Strobe and BCD information are available for use in 
external circuits 

6) Control outputs (command outputs) and phone- 
patch outputs can be either high-true or low-true 

7) Requires a single + 12 Vdc supply 

8) Cost is approximately $100 for all features 

Touch-Tone decoding has been covered in numer¬ 
ous articles. Therefore, I won't rehash all the basic 
information. Reference 1 gives a complete descrip¬ 
tion on how the MK-5102-N5 works. For our pur¬ 
poses let's just say that we put high group and low 
group in and get BCD information out. 

By James Wyma, WA7DPX, 12952 Osborne 
St., Arleta, California 91331 
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fig. 1. Improved Touch-Tone decoder schematic using the Mostek MK5102N-5 decoder chip. A kit is available for the complete 
decoder or optional circuits (see text). 
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circuit description 

The Touch-Tone decoder schematic is shown in 
fig. 1 . Let's start at the audio input. IC-1A is one- 
fourth of a MC3401 op-amp used as a buffer ampli¬ 
fier. The MC3401 is a special op-amp constructed to 
run on single-ended power supplies. You'll note that 
provisions are made for two inputs on the decoder 
(RX audio and control RX audio). These inputs 
should be low level (approximately 20-30 mV p-p). If 
your receiver audio level is much higher than this, 
you may have to change the input-pot value or the 
value of the feedback resistor in the op-amp 
(between pins 8 and 9). 

The gain and input pot should be adjusted for a 
level of approximately 100 mV p-p (22 mV rms) when 
a tone corresponding to the digit 5 is being received 
(measured at IC-2 pin 4). Take care in setting up this 
level. If excessive levels, such as 1 volt p-p, are 
shown at this point, the decoder won't function 
properly. If both inputs are used, provisions should 
be made for gating the two signals so that only one 
signal is present at a time. This can be done by using 
a COR or PL logic level from the control receiver to 
gate a CD4066 analog switch. 

When a signal (or PL) is received on the control 
receiver, the repeater input is gated off and the con¬ 
trol input is turned on. When in the repeater-input 
mode (no control signal), the opposite occurs. If only 
one input is needed, delete the additional pot, resis¬ 
tor, and coupling capacitor. 

separation filter-limiter 

I mentioned earlier that the MK5102 needs a band- 
separation filter and limiter circuit. The ACF7711 
(IC-2) performs band separation. This could be done 
by cascaded bandpass amplifiers using op-amps as in 
reference 1. However, the ACF7711 has the advan¬ 
tages of size and temperature stability. 

To obtain the stability of the ACF7711 in a discrete 
op-amp circuit, high-precision capacitors and resis¬ 
tors are required, which aren't cheap. The two 47k 
resistors and the 1-/*F capacitor on IC-2 pins 6 and 7 
allow the filter to function on a single-ended supply. 
Don't omit the 1-/*F capacitor at this point. 

Speaking of capacitors, let's make a point at this 
time. All the 1-/*F capacitors should be of the low- 
leakage type. The two outputs (high and low group) 
of the separation filter feed into limiters (IC-1B and 
IC-1C). These amplifiers feed square-wave signals to 
the decoder. (For a more detailed description of the 
band separation filter and limiter, refer to the data 
sheets for the AC F-7711 and the Mostek MK-5102-N5, 
which are available from references 2 and 3 respec¬ 
tively.) 


Incidentally, a pin-for-pin equivalent of the 
ACF-7711 is made by Data Signal Corporation of 
Watertown, Massachusetts. However, I was informed 
by their sales manager, Mr. Clarence L. Walker, Jr. 
(after two letters and three phone calls to reach him) 
that: “We have plenty of business without dealing 
with a bunch of cheap hams who always want some¬ 
thing for nothing." So be it. I hope you bear this in 
mind if you plan to do business with this company. 

decoder-translator 

The limited signals are fed into the high- and low- 
group inputs of Mostek decoder IC-3. The output 
format pin (pin 6) is grounded so that the outputs are 
in the form of BCD-coded information. Note that the 
MK-5102-N5 is a 5-Vdc CMOS device. However, the 
control logic used in our repeater is high level CMOS 
(12 Vdc). This was done to obtain a higher noise 
immunity level on the circuits. This function is per¬ 
formed by IC-4 and IC-9. 

IC-4 translates BCD information. IC-9 translates the 
strobe to high level CMOS. The F4104 1C provides 
both noninverted and inverted outputs. In the strobe 
case, both outputs are used. The BCD information 
from IC-4 is fed to IC-5, IC-6, and IC-7. The BCD 
information is also fed into the board edge connector 
for use in other auxiliary equipment (such as LED 
number display, auto-dialer, Touch-Tone regener¬ 
ator, or additional control circuits). 

The CD4514 and CD4515 (IC-5, 6 and 7) are 
BCD-to-16 output decoders. The CD4514 and 
CD4515 are identical except for the output states. 
The CD4514 has true outputs high, while the CD4515 
outputs are low. Other than this, the two-are pin-for- 
pin identical. What this means is that IC-6 could be 
replaced with a CD4514 if you needed command out¬ 
puts that were high instead of low. The same is true 
for IC-7. The device used in IC-5 must be a CD4514 
(unless you don't want things to work). 

mode-select logic 

After running through the translator, the strobe is 
fed to IC-8 pins 1 and 5. Pins 1 and 5 are inputs to 
two sections of the NAND gates. The other inputs 
(pins 2 and 6) of these two NAND gates go to IC-9 
pins 6 and 7. These two outputs of IC-9 are the non¬ 
inverted and inverted outputs of the input on pin 5. 
IC-9 pin 5 is what I call the "mode-select input" for 
the decoders. 

The state of the mode select (high or low) deter¬ 
mines whether the sequential control outputs or the 
phone patch outputs are enabled. To explain this, 
let's go through the logic when the mode select input 
is high. This condition corresponds to the control 
mode when the sequential control decoder is enabled. 
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A high on IC-9 pin 5 produces a high on pin 6 . This 
action causes a high on IC -8 pin 2. When a valid 
Touch-Tone digit is decoded, the strobe is high. This 
action places a high on IC -8 pin 1 . 

When both inputs (pins 1 and 2) of IC -8 are high, 
the'NAND output is low (pin 3). This output is con¬ 
nected to IC-5 pin 23 (the enable pin for the CD4514). 
When this pin is low, the inputs are enabled. When 
high, the outputs all go to a low state. It's necessary 
to return all the outputs to a low state for the sequen¬ 
tial decoder to function correctly. During this time, 
the phone-patch outputs are disabled because IC-7 
pin 23 is held high. A high on IC-9 pin 5 places a low 
(inverted output) on IC -8 pin 6 . Consequently, even 
though pin 5 is strobed high, the output remains 
high. This high state keeps IC-7 disabled. 

When the mode-select input is low a similar pro¬ 
cess occurs, except that IC-7 is enabled and IC-5 is 
disabled. IC -6 outputs are disabled by the sequential 
decoder. (This will be explained later.) The mode 
select input can be controlled by a COR or PL output 
on the control receiver. If your application doesn't 
require the phone patch output, the mode select pin 
should be wired to +12 volts. The phone-patch 
decoder (IC-7) can be deleted from the board. If you 
want the phone patch outputs but not the command 
outputs, ground the mode-select input. If this is done 
ICs5, 6 , 10,11, and 12 can be omitted. 

sequential decoder 

The heart of the sequential decoder is a CD4022 
(IC-12) Johnson Counter, the electronic equivalent 
of a stepping relay. For the counter to advance, the 
two clock inputs must be in the correct states and 
the master reset must be low. Each time the inputs 
are in the correct conditions (a code match) the 
counter advances one position. When the counter 
advances for the fourth time, a carry output is gener¬ 
ated. This output is called Q4-7. Q4-7 will be low dur¬ 
ing the fourth through seventh advances of the 
counter. 

To explain, let's run through a typical code 
sequence. The decoder is set up so that the first four 
digits are a common address for command func¬ 
tions. The fifth digit determines the actual command 
output from IC- 6 . From the time that the first digit is 
sent, the next four digits must be sent within approx¬ 
imately five seconds. The reason for this is that when 
someone starts sending random digits on a pad, he 
will have a hard time hitting the correct digits within a 
five-second period. 

Say that our address is 4-1-3-7. The outputs from 
the IC-5 are strapped to the D 1 through D4 inputs 
(see fig. 1). One way to do this is to use a wire wrap 
edge connector on the PC board. The correct code is 


wire wrapped from outputs to inputs. In our case, 
the output pins for 4, 1,3, and 7 would be strapped 
to D1, D2, D3, and D4 respectively. The four digit 
inputs go to one of the inputs of each section of the 
quad NAND gate, IC-11. The remaining input of the 
NAND gates is connected to IC-12, pins 2, 1,3, and 
7, the Johnson counter. These four pins correspond 
to Oo, 0i, O 2 , and O 3 of the counters. These are the 
first four positions in the counter outputs. 

The digit inputs, IC-11, diode CR1 through CR4, 
and the counter outputs form a sequential coinci¬ 
dence circuit. Each time a correct digit is in the prop¬ 
er position of the sequence, the counter will advance 
one position on the outputs. 

In our example the first digit is 4. A "4" places a 
high on IC-11 pin 1. The counter is in the reset posi¬ 
tion, so output Oo (pin 2) of IC-12 is high. These two 
highs cause a low on the NAND-gate output (IC-11 
pin 3). This signal is coupled through CR1 to the 
counter clock input. The other counter clock input is 
connected to the inverted strobe output of translator 
chip IC-9. 

These two simultaneous inputs cause the counter 
to advance if the master reset pin (IC-12 pin 15) is 
low. The master reset is connected to the IC-10 Q, a 
CD4528 monostable multivibrator. IC-10 is triggered 
by the high input from D1 (IC-10 pin 4). The resistor 
and capacitor values on IC-10 pins 1 and 2 multivibra¬ 
tor determine the time constant (the length of time 
that the MR pin [pin 15] on the Johnson Counter 
stays low). 

The values shown in fig. 1 give you about five sec¬ 
onds to enter the remaining three address digits 
(D2-4) and the command digit. Whpn the coinci¬ 
dence circuit has received digits 4-1-3-7-9, a low is 
placed on IC-12 pin 12 (Q4-7 output). This low turns 
on the enable input of IC -6 (pin 23). With the chip 
enabled, the BCD information on IC -6 input is con¬ 
verted to one of the sixteen corresponding output 
digits. These outputs are the command outputs, 
which drive the logic functions in your remote base 
or repeater. 

The CD4515 produces low true outputs. As previ¬ 
ously stated, a CD4515 can be used as IC -6 if you 
need high outputs to drive your logic. The command 
outputs will remain latched until the timer resets the 
master reset on the counter. These outputs will then 
return to all low for the CD4514 or all high for the 
CD4515. If you need latched command functions, 
the outputs could be used to drive a CD4043 or 
CD4044 quad R-S latch. If you need to drive relays, a 
CD4049 or CD4050 could be used as a buffer for the 
relays. If you need to drive outside information (amp 
or other equipment), the BCD-coded information and 
strobe are brought out to the edge connector pins. 
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CRYSTAL FILTERS and DISCRIMINATORS 

9.0 MHz FILTERS 


XF9-A 

XF9-B 

XF9-C 

XF9-D 

XF9-E 

XF9-M 

XF9-NB 


2.5 kHz 

SSB TX 

*44 85 

2.4 kHz 

SSB RX/TX 

*60.85 

3.75 kHz 

AM 

*65.40 

5.0 kHz 

AM 

*65 40 

12.0 kHz 

NBFM 

*65.40 

0.5 kHz 

CW (4 pole) 

$45.75 

0.5 kHz 

CW (8 pole) 

$81.10 

RYSTALS 



9000.0 kHz 

Carrier 

$5 30 

8998 5 kHz 

USB 

$5 30 

9001.5kHz 

LSB 

$5.30 

8999.0 kHz 

BFO 

$5.30 

Hc25/u Socket Chassis 

.50 

Hc25/u Socket P C. Board 

.50 


VHF and UHF FILTERS 

ELIMINATE IMD 'BIRDIES'' 
FROM YOUR RECEIVER 
CLEAN UP YOUR TRANS¬ 
MITTER OUTPUT. 


by 

V.G. 


Export 

Inquiries 

Invited 

Shipping 
$1 75 
per filter 


432 MHz PSI432 *58.95 
1296 MHz PSI1296 *58.95 

1691 MHz PS11691 *59.95 

Shipping *3.50 


TRANSVERTERS FOR A TV 
OSCARS 7, 8 & PHASE 3 

Transverlers by Microwave Modules and other manufacturers can convert your 
existing Low Band rig to operate on the VHF & UHF bands Models also 
available for 2 M to 70cm and lor A TV operators from Ch2/Ch3 to 70cms 
Each transverter contains both a Tx up-converter and a Rx down converter 
Write for details of the largest selection available 
Prices start at $189.95 plus $3.50 shipping. 


SPECIFICATIONS 
Output Power 
Receiver N.F 
Receiver Gain 
Prime Power 


10 W 
3dB typ 
30 dB typ 
12V DC 


Attention owners of the original MMt432-2B models Update your transverter 
to operate OSCAR 8 & PHASE 3 by adding the 434 to 436 MHz range Mod kit 
including full instructions $23 00 plus $1 50 shipping, etc 

ANTENNAS (FOB CONCORD. VIA UPS) 

144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. + 12.3 dBd D8/2M *55.95 

8 BY 8 VERTICAL POL. . D8/2M VERT. *65.60 

8 +8 TWIST 8XY/2M *57.75 

'-V 420 450 MHz 

- - MULTIBEAMS 

For local, DX, OSCAR, 
and A TV us«. 

48 EL. GAIN +15.7 dBd 70/MBM48 *64.95 

88 EL. GAIN + 18.5 dBd 70/MBM88 *88.25 

UHF LOOP YAGIS 

28 LOOPS GAiN+20dBi 50-ohm. Type N Connector 

1250 1340 MHz 1296 LY $59.90 

1650 1750 MHz 1691-LY $63.45 

Send 30c (2 stamps) lor full details ot KVG crystal products and all your VHF & UHF equip 
menl requirements 

Pre-Selector Filters Amplifiers SSB Transverlers 

Varactor Triplers Crystal Filters FM Transverters 

Decade Pre Scalers Frequency Filters VHF Converters 

_Oscillator Crystals UHF Converters [■■■r 



Spectrum 
t International, Inc. 
Post Office Box 1084C 
Bird, Mass. 01742, USA 


power supply 

If a 12-volt battery is used, the resistor and zener 
diode should be used. (Omit the 7812 1C. It must 
have at least 14 Vdc to work). If a higher voltage is 
used, the 7812 regulator can be used (omit the 
zener). Select the value of the 560-ohm resistor for 
your particular input voltage. The value of the Ik 
resistor on the 7805 regulator should be selected so 
that approximately 7.5 volts is present at the regula¬ 
tor input. A 5-volt diode could be used. However, I 
prefer the regulator 1C because it filters out a lot of 
the garbage present on the supply line. The HEP170 
diode is for reverse-polarity protection. The fuse can 
be either on the board or mounted externally. If 
externally mounted, install a jumper on the PC board 
where FI is shown. 

a kit is available 

To assist those who have trouble finding parts, I've 
prepared a kit for the decoder. Please send checks or 
money order to Reliable 2-Way Radio, 513 W. 10th 
St., Casa Grande, Arizona 85222. Here's a list of the 


various options and prices: 

complete kit - all parts and PC board $140 

assembled and tested add $165 

kit — phone only 

(no sequential decoding) $130 

complete kit less PC board $115 

PC board only $ 25 


Prices include sockets for all ICs (Mole* pins for 
ACF77111. The price doesn't include edge connector for 
board. The edge connector is a Masterite, part no. 
000206-1159. The connector is available for $6 from the 
above address. 

If you have questions or comments about the cir¬ 
cuit, send me a letter with an SASE for a reply. I'll be 
glad to answer your questions if I can. Good luck on 
your remote base or repeater. 
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1. Larry Nickel, W3QG. "Single 1C Touch-Tone Decoder.” ham radio. 
June. 1978, pages 26 32 

2. ACF7711 data sheets. General Instruments. 600 West John Street. 
Hicksville. New York 11802 

3. MK-5W2-N5 data sheets. Mostek Corporation, 1215 West Cro6by Road, 
Carrollton. Texas 75006 
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More Details? CHECK-OFF Page 94 
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Amateur Band transmission, Including 
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and future band expansions 
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how to modify 

surplus cavity filters 

for operation on 
144 MHz 


Simple conversion 
of surplus 
417/GRC filters 
for top performance 
on 2 meters 


While browsing through an electronics surplus 
catalog recently I came across a rather obscure item 
that immediately caught my attention: a small photo¬ 
graph of what appeared to be a dual-section reso¬ 
nant cavity assembly described as a "Bandpass Filter 
for 417/GRC Receivers." The published operating 
frequencies are listed in table 1. Since I had been 
playing around with homebuilt cavities for some time 
and was putting one to good use at my 2-meter base 
station, I thought it would be worthwhile to look into 
the surplus filters. 

I ordered the F-194/U bandpass filter that covers 
the 2-meter Amateur band* and was very pleased to 
find that it was indeed a dual-section tunable cavity 
resonator, beautifully built both electrically and 
mechanically, probably at considerable government 

*$12.95 from Fair Radio Sales, Post Office Box 1105, Lima, Ohio 45802. 


expense. The unit was neatly calibrated, rugged, and 
gold plated with low-loss Teflon insulation. 

I ordered several more of the same model for 
experimental use but was told that that particular 
unit was sold out. It then occurred to me that per¬ 
haps the lower frequency units could be converted 
for use on the 144 MFIz 2-meter band. I placed an 
order for the only low-frequency models that were 
available: F-239/U (58.5-67 MHz), F-192/U (100-121 
MHz)and F-193/U (121-142 MHz). I was soon pleased 
to find that I was able to convert all three models for 
operation in the 2-meter Amateur band. The purpose 
of this article is to make more Amateurs aware of this 
unique surplus item and to outline the modification 
procedure for 2-meter operation. 

bandpass filters 

Cavity type bandpass filters have been around a 
long time and have been referred to by many names, 
such as resonant re-entrant cavity, coaxial bandpass 
filter, coaxial tank filter, coaxial TVI filter, tuned cav¬ 
ity filter, stripline filter, trough line filter, etc. Such 
cavities have been built in many different sizes and 
shapes; filter construction projects in the Amateur 
magazines have been based on common household 
items from beer cans to coffee tins, metal chassis, 
rectangular project boxes, and paint cans. The 
theory of operation of a cavity resonator can be 
described briefly as such: A cavity is an enclosure or 
partial enclosure of any size and shape having con¬ 
ducting walls or surfaces that can support oscillating 
electromagnetic fields within it and possesses certain 

By William Tucker, W4FXE, 1965 South 
Ocean Drive, 15-G, Hallandale, Florida 33009 
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resonant frequencies when excited by electrical oscil¬ 
lations. 

Most Amateurs know that a quarter-wavelength of 
coaxial cable, shorted at one end, is equivalent to a 
parallel resonant circuit; the resonant cavity is similar 
and can be seen as a wide-diameter quarter-wave¬ 
length coaxial line shorted at one end, using air as 
the dielectric. These filters have been used for many 
years as the very high Q tank circuits in vhf and uhf 
transmitters and as the tuned rf circuits of receivers. 

The radio frequency current is maximum at the 
shorted end of the coaxial line or cavity, so a great 
deal of care must be exercised to ensure a good low- 
resistance rf contact. Because of skin-effect, copper, 
silver, or even gold is used to provide high conduc¬ 
tivity. 

The open end of the coaxial cavity exhibits a very 
high impedance and, therefore, high voltage. If con¬ 
struction requires insulation at the open end, care 


table 1. Resonant frequencies of the surplus tunable 
bandpass filters for 417/GRC receivers. 



MHz 


MHz 

F-238/U 

50.0 58.5 

F-196/U 

184 205 

F-239/U 

58.0-67.0 

F-197/U 

205 226 

F-240/U 

67 0 76.0 

F-199/U 

224 254 

F-241/U 

75.0 84.0 

F-200/U 

254 284 

F-242/U 

84.0 92.5 

F-201/U 

284 314 

F-192/U 

100 - 121 

F 202/U 

314 344 

F-193/U 

121 - 142 

F-203/U 

344-374 

F-194/U 

142 163 

F-204/U 

374 404 

F-195/U 

163 184 

F-236/U 

550 600 


must be used to select very low-loss materials so the 
very high Qwill not be degraded. 

Optimum performance can be expected from a 
coaxial resonant cavity when the electrical length of 
the cavity and its inner conductor is a full quarter- 
wavelength long; the frequency of the cavity can be 
changed by varying the length of the inner conduc¬ 
tor. In those cases where a full quarter-wavelength 
cavity is impractical, shorter lengths can be used 
with capacitance loading. A coaxial line or cavity 
shorter than a quarter-wavelength is electrically 
equivalent to an inductive reactance and requires the 
addition of capacitive reactance to equalize and 
achieve resonance; this is accomplished by adding a 
low-loss capacitor across the open end of the cavity. 
A variable capacitor provides a convenient method of 
tuning the cavity to the desired frequency. Generally 
speaking, the least amount of added capacitance 
results in highest Qand maximum efficiency (fig. 1). 

surplus filters 

The physical size of bandpass filter assemblies 



O O 0 O 


fig. 1. Quarter-wavelength coaxial cable, shorted at one end 
(A), is equivalent to shortened, capacitance-loaded cavity 
1C). Performance is similar to lumped L-C tuned circuit 10). 


used in the 417/GRC receivers is the same, although 
the length of the cavities vary according to frequency 
coverage. The maximum length of the actual cavities 
in these assemblies is 9 1/8 inches (23.2 cm). That 
length is fine where it approaches a quarter-wave¬ 
length at the higher frequency ranges, but is far short 
of optimum at lower frequencies. Though the full 9 
1/8 inches (23.2 cm) of cavity space is available, the 
designers did not take full advantage of the space. 
Shorter lengths were used on all cavities starting 
with the F-193/U (121-142 MHz). The F-193/U cav¬ 
ity, for example, is 7 3/4 inches (19.7 cm) long, and 
the F-194/U (142-163 MHz) is only 6 3/4 inches (17.2 
cm) in length. Both the F-239/U and the F-192/U use 
the full 9 1/8 inches (23.2 cm). For conversion to 
144-148 MHz, it is best to select one of the lower fre¬ 
quency units to take full advantage of the additional 
length. (Note that a full quarter-wavelength on two 
meters is approximately 20 inches |51 cm|). The 
reduction in length below the optimum quarter- 
wavelength lowers the Q of the cavity, but it is still 
higher than the much lower Q afforded by conven¬ 
tional lumped L-C circuits at these frequencies. 


fig. 2. Placement of loops for in¬ 
put/output coupling to the cavity. 
For light loading (highest Q), the 
loops must be small and spaced 
well away from the center con¬ 
ductor. 



coupling 

Rf energy is usually coupled into and out of this 
type of resonant cavity with pickup loops placed dia¬ 
metrically opposite each other in the electromagnetic 
field that exists in the shorted high-current end of the 
cavity (fig. 2). The loops are similar and allow the 
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cavity to be used bilaterally. The size of the pickup 
loop, its position, and its proximity to the center con¬ 
ductor are the factors that determine the degree of 
coupling to the cavity. Large loops and close proxim¬ 
ity to the center conductor provide close coupling; 
small loops spaced away from the center conductor 
result in loose coupling. Variable coupling in large 
commercial cavities is provided by rotatable pickup 
loops. 

Close coupling reduces the selectivity and lowers 
insertion loss; conversely, loose coupling increases 
both selectivity and insertion loss. Two or more cavi¬ 
ties can be cascaded for wider bandpass with steeper 
selectivity skirts, or to provide increased selectivity, 



fig. 3. Original configuration of the F-193/U filter which was 
designed to cover 121-142 MHz; carefully remove 1/8 inch 13 
mm) of material from part B to convert to two meters. 


depending upon the degree of input/output coupling 
used in each cavity. 

filter applications 

Bandpass filters of the type discussed here are 
most often used to minimize or eliminate intermod 
and desense interference which originates from 
sources outside the desired band. On 2 meters such 
interference may originate in the 150-170 MHz com¬ 
mercial band; considerable interference also origi¬ 
nates in the local fm and television broadcast bands 
and in the 120-136 MHz aircraft band. In most cases 
the cavity bandpass filter is placed in series with the 
transmission line to the antenna and attenuates all 
signals which fall outside its sharp passband. 

As an example, I am located not far from two pow¬ 
erful broadcast stations, an fm station on 91.3 MHz 
and a Channel 2 television transmitter (video on 
55.25 MHz). The two signals get into the front end of 
my receiver through the antenna, mix, and produce a 
broad, garbled fm signal centered on 146.55 MHz. 
Insertion of a bandpass cavity in the transmission line 
completely removes the offending signals and allows 
simplex communications on 146.55 MHz with the 
weakest signals. 

Most Amateurs use transceivers on 2 meters so 
the cavity is in the transmission line during transmis¬ 
sion as well as reception. This is a bonus because the 
cavity provides many benefits when used in the 
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fig. 4 Setup for adjusting the converted dual-section cavity 
of 144 MHz; tune for minimum VSWR at the desired 
operating frequency. 


transmitted output. Spurious out-of-band emissions, 
including harmonics, are greatly attenuated, thus 
minimizing possible illegal interference with other 
services; this also reduces the possibility of TVI. 

surplus filter conversion 

Conversion of the 417/GRC bandpass filters does 
not require the addition of any parts. The F-193/U 
unit, which was originally manufactured to cover 
121-142 MHz, requires only a simple modification to 
tune it up on the Amateur 2-meter band. Remove the 
six hex nuts from the rear of the assembly and care¬ 
fully slide out the stationary portion of the cavities 
and its housing. Referring to fig. 3, part B is the fixed 
portion of the variable concentric capacitor which 
provides a fixed lumped capacitance because of its 
proximity to the cavity wall; variable capacitance is 
introduced by the movable capacitor section, part A, 
fig. 3, which is controlled by the front panel knob. 
The conversion is made by simply removing no more 
than 1/8 inch (3 mm) from part B (shown by the dot¬ 
ted line) with a hacksaw, grinder, or hand file; 
remove all burrs, reassemble the cavity, and the con¬ 
version is complete except for testing. 

A dipmeter may be used effectively to check the 
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fig. 5. Conversion of the F-192/U filter (100-121 MHz) to two 
meters. Original arrangement before conversion is shown at 
(A); (B) shows the modification with a hex nut which moves 
the resonant frequency to the 144 MHz band. 
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fig. 6 Modification of the F 239/U filter (58.5 67 0 MHz) for operation on the 144 MHz Amateur band (see text). 


frequency range. Use a very small pickup loop con¬ 
nected to either port of the cavity (about 1 /2 inch 112 
mm I or less) and couple it lightly to the dipmeter. 
With the front dial turned fully clockwise, a sharp dip 
should occur around 130 MHz; fully counterclock¬ 
wise, the dip should occur at about 155 MHz. Note 
that the dips are very sharp in this lightly loaded con¬ 
dition and can be easily missed. Check both input 
and output in the same way. The dial can be recali¬ 
brated in any manner you wish. 

If a dipmeter is not available, a receiver can be 
used to find out if you are in the 2-meter range. Tune 


in a rather weak signal and as you tune the cavity to 
resonance at that frequency, the signal should pick 
up nicely. 

After you have determined that the conversion is 
successful, you can install the unit permanently in 
the transmission line as shown in fig. 4. Adjust the 
cavities for lowest VSWR. When transmit frequency 
is moved appreciably, about 500 kHz, you may have 
to retune the cavity for lowest VSWR. I suggest you 
keep the VSWR meter and the cavities as close as 
possible to the transceiver. 

The F-192/U filter was originally designed to cover 


february 1980 GS 45 








100 121 MHz. Follow the same procedure as previ¬ 
ously when taking the assembly apart. The conver¬ 
sion simply involves rearranging the configuration as 
shown in fig. 5, before A, and after B. The hex nut 
used as a spacer is borrowed from the rear of the 
assembly. Make sure the Teflon insulator is reassem¬ 
bled with the extrusion part as shown because this 
provides a lowest leakage path at the high impe¬ 
dance point. When testing this unit, note that the 
capacitor will short out at the full clockwise position. 
The frequency range should be about 135-175 MHz. 

The F-239/U filter was designed to cover 58.5-67 
MHz and requires more extensive modification. 
Before taking the assembly apart, remove the three 
screws visible on the outside surface of the cavity. 
Carefully slide out the fixed portion of the assembly 
and remove all the fixed and variable capacitor sec¬ 
tions from the center conductor and the rotor sec¬ 
tion. Select the parts needed as shown in fig. 6 and 
reassemble. You will have quite a few pieces of hard¬ 
ware left over for your junk box. The only additional 
parts you will need are two or three thin washers that 
can be used as spacers (part G, fig. 6); as shown, 
the modified cavities cover 120-170 MHz. If more se¬ 
lectivity is desired, the pickup loops can be shortened 
by any convenient method. 

In addition to using the dual cavity assemblies in 
the conventional manner as bandpass filters, they 
can also be used as series-resonant traps by shunting 
them across the line as shown in fig. 7; in this appli¬ 
cation the filter is used as a wave trap. If you wish, 
you may separate the two cavity sections by discon¬ 
necting the connecting link between them; you will 
then have two separate series-resonant traps as 
shown in fig. 8. You can also separate the two cavi¬ 
ties for use as two individual bandpass filters by 
removing the connecting link and installing two con¬ 
nector sockets. Because of the limited space, I sug¬ 
gest you use BNC connectors. 

summary 

When you become familiar with the action of these 
fine cavity assemblies and have digested the many 
good articles that have appeared in the various hand¬ 
books and magazines, you will find many other uses 
for them around your hamshack. You could even 
build a duplexer for a repeater using these units as 
the foundation. 
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fig 7 Use of the dual section cavity as a tuned wave trap 



fig. 8. Separation of the two cavities for use as two tuned, 
single-section wave traps. 


I have included a list of magazine articles from the 
past ten years for the convenience of those readers 
who wish to delve further into the subject of cavity 
filters. 
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A bt of signal. 

For a little cost. 

We just set a new value standard. Twice. 



Model 2001 Sweepable 
Function Generator. $186.00* 

Get the waveforms you need — 1 Hz to 1 MHz in 
five overlapping ranges: stable, low-distortion 
sine waves, fast rise/fall-time square waves, 
high linearity triangle waves—even a separate 
TTL square wave output Plus high- and low- 
level main outputs 

An applied DC Voltage at the Sweep input 
can shift the 2001 's frequency: or sweep up to 
100:1 with an AC signal. 

A pushbutton activates the DC Offset 
control, which shifts the output waveform up or 
down on command 

You'd expect to pay a lot more for all the 
2001 can do 1 


Model 4001 Ultravariable 
Pulse Generator. w $210.00* 

Here's a precision digital pulse generator with 
fast rise and fall times covering 0.5 Hz to 5 MHz 
in 5 overlapping ranges With pulse width and 
pulse spacing each independently variable 
from 100 nsec to 1 sec for an amazing 10 7 1 
duty cycle range 

You'll find the 4001 delivers the pulse 
modes you need Continuous, One-Shot, Trig¬ 
gered, Gated, Square Wave, even a Comple¬ 
ment mode The Trigger/Gate input, 50 Ohm 
variable output, TTL-level output and Sync 
output connectors are BNCs 

The 4001 Nothing does as much as well 
for anywhere near the price. 


Smarter tools for testing and design. 
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...for the discerning Amateur 
who demands quality. 



The TS-180S with DFC (Digital Frequency Control) is Kenwood’s top-of-the-line all solid-state HF SSB/CW/FSK transceiver 
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable 
memories to provide more operating flexibility than any other rigl 


TS-180S FEATURES: 

• Digital Frequency Control (DFC). including lour memories and 
digital up/down paddle-switch tuning Memories are usable in 
transceiver or split modes, and can be tuned in 20 Hz steps up or 
down, slow or last, with recall ot the original stored frequency 
(Also available without DFC) 

• All solid-state; 200 W PEP/160 W DC input on 160-15 meters, and 
160 W PEP/140 W DC on 10 meters 

• Improved dynamic range, with improved circuit design and RF 
AGC (“ROC"), which activates as an automatic RF attenuator to 
prevent receiver overload 

• Adaptable to three new bands, and VF0 covers more than 50 kHz 
and 0FC100 kHz above and below each band. 

• Built-in microprocessor-controlled digital display Shows actual 
frequency and switches to show the difference between the VFO 
and "Ml memory frequencies 8lmking decimal points indicate 
"out ot band " (An analog monoscale dial is also included ) 

• IF shift (passband dialing to eliminate ORM) 

• Dual SSB filter system (second filter is optional) to provide very 
sharp receive! selectivity, improved S/N, and 30 dB compression 
with RF speech processor on transmit 


• Tunable noise blanker, to eliminate cross modulation from strong 
signals when noise blanker is on. 

• Selectable wide and narrow CW bandwidth on receive (500-Hz 
CW filter is optional) 

• SSB noimal/reverse switch (proper sideband is automatically 
selected with band switch) 

• Dual RIT (VFO and memory/fix). 

• Available without OFC Digital frequency display still included, 
with differential function showing difference between VFO and 
"digital hold" frequencies 

OPTIONAL ACCESSORIES: 

• OF 180 digital frequency control (for TS-180S without DFC) 

• YK-8BCW 500-Hz CW filter. 

• YK-88SSB second filter for dual-filter system 
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...for the discerning Amateur 
who demands quality. 



R-1000 





R-300 


SP-100 


R-1000 


The R-1000 is a highly advanced communications receiver. Up-conversion, PLL circuitry and other new technology pro¬ 
vide optimum sensitivity, selectivity, and stability from 200 kHz to 30 MHz. Featuring easy-to-operate single-knob tuning 
and digital frequency display, it's perfect for listening to shortwave, medium-wave, and long-wave bands. Even SSB 
signals are received perfectly. Included is a quartz digital clock and timer. 


• Three antenna terminals 

• RF step attenuator 

• Tone control 

• Recording terminal 

• Remote terminal, tor access to timer relay ON/OFF circuit and 
muting circuit. 

• SSB sensitivity of 0 5 /zV from 2 to 30 MHz 

• More than 60 dB IF image ratio 

• More than 70 dB IF rejection. 


TRIO KENWOOD COMMUNICATIONS INC 

till WEST WALNUT/COMPTON CA 90220 


R-1000 FEATURES: 


• Continuous frequency coverage Irom 200 kHz to 30 MHz 

• 30 bands, each 1 MHz wide 

• Five-digit frequency display and illuminated analog dial 

• Quartz digital clock and ON/OFF timer 

• Multi-modes AM (wide and narrow). SSB (USB and LSB), 
and CW 

• Three IF inters 2.7 kHz lor SSB and CW. 6.0 kHz for AM 
narrow, and 12 kHz lor AM wide. 

• Effective noise blanker 

• Built-in speaker 


R-300 FEATURES: 

• Continuous frequency coverage from 170 kHz to 30 MHz. in 
six bands 

• Multi-modes AM, SSB, and CW 

• High sensitivity, selectivity, and image ratio 

• 500-kHz marker 

• Three-way powei supply (AC/batteries/external DC), with 
automatic switching from AC to DC in the event of AC 
power failure 


.,. parruttrr in amalrur radio 


The R-300 all-band communications receiver covers 
170 kHz to 30 MHz in six bands. It's ideal for listening 
to foreign broadcasts and other exciting transmissions 
throughout a wide range of the radio spectrum. 




















the weekender 



Bench Power Supply 

A good quality regulated bench supply is prob¬ 
ably one of the most useful devices you can have in 
the workshop or ham shack. Whether you're just 
getting started in electronics and looking for a first 
project or are an experienced builder or experimenter 
in need of an additional bench supply, here's a sup¬ 
ply that will fill your needs. This versatile power sup¬ 
ply can be built in just a few hours, uses readily avail¬ 
able components, and the finished product is a neat, 
professional looking package. You'll be proud to say, 
"I built it." 

description 

Quick and easy construction is a feature of this 
power supply, which is accomplished with a single 
PC board. Such construction keeps mechanical and 
sheet-metal work to a minimum. Most components 
are on the PC board. Full voltage and current meter¬ 
ing are provided. The output is isolated from the case 
to allow its use as a positive or negative supply. 

Output current is 3 amperes over the range of 
1.5-15 volts, with short circuit and overload protec¬ 
tion provided by the 1C voltage regulator U1. Output 
ripple is at a low level. The power supply is physically 
small. The basic design isn't limited to bench-type 
power supply applications, because the PC board 
lends itself to installation in fixed equipment. No 
changes in the PC board pattern are required for use 
as a fixed supply. 

the circuit 

The bench supply schematic is shown in fig. 1. 
Component count is very low. The basic design con- 

By Ken Powell, WB6AFT, 6949 Lenwood 
Way, San Jose, California 95120 


sists of a full-wave power supply followed by a three- 
terminal 1C regulator. Power transformer T1 is an 18- 
volt 4-ampere unit. It isolates the power supply from 
the ac line while furnishing 18 volts to the bridge rec¬ 
tifier. T1 primary is fused, and the transformer frame 
is held at ground potential through the three-wire ac 
line cord. The on-off switch is connected to the out- 
put-level control for convenience and safety. The 
bridge rectifier is a single-unit device rated at 4 
amperes 100 PIV. The pulsating dc output from the 
rectifier is filtered by a pair of 1500-/iF, 35-Vdc radial- 
lead electrolytic capacitors. 

The filtered dc is applied to the input of the LM- 
350K 1C voltage regulator. The output level is con¬ 
trolled by a divider network formed by R1 and R2. 
Load current is displayed by Ml, a 3-ampere dc 
meter. M2, a 15-volt dc meter, displays output level. 
The power-supply output is obtained from five-way 
binding posts. The output jacks, meters, and level 
control and switch are the only components not 
mounted on the PC board. 

construction 

PC board construction was chosen for the power 
supply for simplicity, ease of construction, and 
repeatability. Heavy glass-reinforced board-should be 
used because the power transformer is fairly heavy 
and we want to avoid cracked and broken land pat¬ 
terns as the board ages and is subjected to stress. 
The etching pattern is shown in fig. 2. 

After etching and drilling, the on-board compo¬ 
nents can be mounted and soldered as in fig. 3. Pay 
particular attention to the polarity of the capacitors 
and the bridge rectifier. Coat regulator U1 with heat¬ 
sinking compound on the bottom surface where it 
mates with the heat sink. Fasten these items to the 
PC board as a unit with M3.5 (6-32) hardware. The 
regulator is not insulated from the heat sink. 

This completes component mounting and solder¬ 
ing. Check the PC board against fig. 3 to ascertain 
that all polarized components are properly oriented. 

The ac cord and front-panel interconnect wiring, 
also shown in fig. 3, can be installed next. The inter¬ 
connecting wiring should be no. 16 (1.6 mm) strand¬ 
ed to minimize voltage drop and provide flexibility. 
Solder these wires to the PC board and leave them 
about 25 cm (10 inches) long for connection to the 
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fig. 1. Schematic of the bench power supply. Basic design 
consists of a full-wave power supply followed by a three- 
terminal 1C regulator. 


Parts list for fig. 1: 


C1,C2 1500-/iF, 35-Vdc 

BA 18A1506-5 

C3 2.2-/iF, 35-Vdc 

RS 272-1407 

CR1 4 amp, 100 PIV 

RS 276-1171 

FI 1-amp fuse 

RS 270-1283 

FH1 fuse holder 

RS 270-739 

HS1 heatsink 

BA 12A2229-9 

IC1 LM-350K 

CSC LM-350K 

J1,J2 binding posts 

RS 274-662 

Ml 3-amp meter 

CSC D1-918 

M2 15-volt meter 

CSC D1-920 

R1 5K 

RS 271-1714 

R2 220, 1/2-W 

RS 271-015 

T1 18-volt, 4-amp 

RS 273-1514 

SI switch, spst 

RS 271-1740 

CASE 14.7 x 22.5 x 14.4 cm 

RS 270-281 

15-7/8x9x4-7/8 


inches) 



BA: Burstein-Applebee, 3199 Mercier St., Kansas City, Missouri 
64111 

CSC: Circuit Specialist Co., Box 3047, Scottsdale, Arizona 85257 
RS: Radio Shack, local stores 

Note: A kit is available which includes the following parts: 

1 etched and drilled PC board 
1 regulator, LM-350K (1C,) 

1 heatsink (HS,) 

2 capacitors, 1500 /if/35 Vdc (C, and C 2 ) 

1 resistor, 220 ohms (R 2 ) 

1 capacitor, 2.2/if/35 Vdc (C 3 ) 

The cost of this kit is $21.00 plus $1.50 postage and handling. Ask 
for kit #PS-25-3 from J. Oswald, 1436 Gerhardt Avenue, San 
Jose, California 95125. 


front panel components. They can be trimmed to 
length as the front panel is installed. 

Drill and punch the front panel using caution to 
avoid damaging the smooth finish on the panel. If a 
chassis punch isn't available for making the meter 
holes, a coping saw will work fine in the soft alumi¬ 
num. When you're satisfied that all the front panel 
components fit well, label the on-off level control 
with dry transfer labels. Apply a coat of clear acrylic 
to the panel to protect the lettering. The front panel 
components can be mounted after the panel is dry. 

At this time the PC board should be mounted to 
the cabinet base. Use standoffs to elevate the board 
above the base. Cut a small notch into the lower 
edge of the cabinet back and install a strain-relief or 
grommet for the ac line cord. Lay the front panel 
down in front of the PC board and complete the 
interconnecting wiring as in fig. 3. This wiring can be 
laced or spot-tied for a neat appearance (photo). The 
cabinet can now be assembled. Your project should 
look pretty much like the photo of the completed 
prototype. If a cabinet is used other than that listed in 
the parts list, you may have to modify the construc¬ 
tion procedure a bit, but the end result should be the 
same. 

test and applications 

After assembly, the front-panel meters should be 
adjusted for mechanical zero. There are no other 
adjustments, so the little supply is now ready for the 
smoke test. Apply ac power and advance the output 
level control clockwise. The voltmeter should track 
nicely from about 1.5 to slightly over 15 volts. Output 
ripple can be checked on a scope if you have one, 
but, if not, don't be overly concerned about it. The 
two prototype units I built were smooth and ripple 
free. 

The little supply is now ready to go to work. The 
voltage and current range will let you power up quite 
a variety of equipment and circuits. I've used the 



fig. 2. Full-size printed-circuit layout; component placement 
is shown in fig. 3. 
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Electronics 


RF 

TECHNICIANS 

Join the people who are revolutionizing the navigation and 
communication systems of the world' 

MAGNAVOX is looking for top quality technicians to assist 
engineers in the design and development of electronic 
circuits for state-of-the-art communication and navigation 
systems Openings exist tor the following area 

RF ANALOG 
POWER SUPPLIES 

Responsibilities include layout, construction, and testing 
of breadboard and engineering model circuits 

In addition to excellent salaries and compensation 
package, we offer company paid relocation allowance So. 
it you're looking for a career with a diversity of challenge in 
a stimulating environment, follow the leader come to 
Magnavox 

For immediate consideration, please forward your resume 
to 

Professional Placement. Dept. HR 
2829 Maricopa Street 
Torrance. CA 90S03 

We are an equal opportunity employer Women, minorities 
and handicapped are encouraged to apply 


a r. r- 


Government ^^^and Industrial Electronics Company 

Advanced Products Division 


ANTENNA COMPONENTS 

Antenna wire, stranded #14 copperweld.$ 06 ft 

Antenna Wire, stranded #15 copperweld. 055 ft 

Antenna wire, stranded #16 copperweld.05 ft 

Van Gordon Hl-Q Baiuns. 1:1 or 4:1 . 9 95 ea 

Unadilla/Reyco, W2AU Baiuns. 1:1 or 4:1 . 14 95 ea 

Van Gorden Hl-O center insulators. 4 95 ea 

Unadilla/Reyco. W2AU center insulators. 9 75 ea 

Ceramic "Dogbone" end insulators, pair. 98 

Unadilla/Reyco plastic end insulators, pair. 3 50 

Nylon guy rope. 450 lb test, 100' roll. 3 49 

Poly guy rope. 275 lb test. 100' roll. 3.00 

Unadilla/Reyco W2VS Traps. KW-10 thru KW-40 . 21 95 pr 

Belden 8214 RG-8U type foam coax.28 ft 

Belden 8219 RG-58 A/U loam coax . 11 ft 

Berk-Tex 6211 RG-8X loam coax , Ultraflexible.15 ft 

Amphenol 83-1SP PL-259 silver plated connectors.75 ea 

Amphenol UG-175/U adapters (RG-58)..25 ea 

Amphenol UG-176/U adapters (RG-8X. RG-59). 25 ea 

Amphenol PL-258, straight adapter. 1 07 

LARSEN MOBILE ANTENNAS 

Larsen Mount LM-150 2 mlr whip and coil.21 65 

LM-MM magnetic mount.13 29 

LM-TLM trunk lid mount ..12 77 

New Motorola type mount. NMO-150 2 mlr whip and coil . 23 22 

NMO-MM magnetic mount.14 91 

NMO-TLM trunk lid mount.15 98 

Other Larsen Models Available 
Complete Palomar Engineers Line Available 
Centurion International Rubber Duck Antennas in Stock 
WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 

All items F O.B Lincoln. $1 00 minimum shipping Prices subject to change 
without notice Nebraska residents please add 3% tax 

^ CowmufticctfiOKS 


730 Cottonwood 


Lincoln, Nebraska 68510 
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fig. 3. Component side of the circuit board: photographs 
show placement of the power transformer, heatsink, and 
other larger components. 


supply on TTL projects, op amps, vhf rigs, and a 
number of auto radio and tape player combinations. 

The properties designed into the 1C regulator take 
most of the worry out of the unit. If you apply a 
shorted piece of gear to the output, or connect a rig 
that draws more current than the supply can furnish, 
the regulator will shut down and no damage will 
occur. If the unit gets too hot, it will shut down. 
When normal conditions are restored, the supply will 
bounce back and go to work again. It's a tough little 
performer and just the ticket for a guy like me, who's 
apt to make an error now and then. 

conclusion 

There are many variations that could be made in 
the supply to suit individual requirements. Compo¬ 
nents aren't critical, although I don't think I'd go to 
lower values in any case. Changes such as using dif¬ 
ferent meters with shunts and multipliers would be 
no problem, and a single meter with shunts, multipli¬ 
ers, and switching could be used. For fixed applica¬ 
tions the level control could be replaced with a fixed 
resistor and the meters eliminated. Layout and 
mechanical details aren't critical, but the regulator 1C 
should be kept physically close to the filter capacitors. 

The cabinet should be well ventilated. If the supply 
is powered up outside the case, keep in mind that 
117 Vac is on the PC board and the interconnecting 
wiring! The low voltages usually associated with 
solid-state equipment tend to encourage carelessness. 

The supply was a very enjoyable project in that the 
assembly time was minimal (about three hours) and 
no sophisticated equipment was required for build¬ 
ing, de bugging, or adjustment. I don't think anyone 
should have any apprehension about trying this one 
for a weekend project. 

ham radio 


More Details? CHECK - OFF Page 94 
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New, Stronger Wilson Towers 


I Hinged Base Plate - Concrete 
Pad, Heavy Duty Winch 


NEW IMPROVED 
FEATURE 

A new high strength carbon 
steal tube manufactured 
es pecially for WHson 
Systems, is used for the 
new TT46B and MT81B. 

25% stronger than conven¬ 
tional pipe or tubing. Tube 
size: 3.6 " O.D. “ .096, 4.6" 
ft •" O.D.@.120. 


o.o. 

st T^t _ T 

Ees *■ 


Mounting the House Bracket 


TT-45B 


FEATURES: 

• Maximum Height 45' (will handle 17 sq ft. ® 

38 ft. or 10 sq ft.@45 ft)@50 mph 

• 1200 lb. winch 

• Totally freestanding with proper base 

• Total Weight. 243 lbs. 

The TT-458 is a freestanding tower, ideal for in¬ 
stallations where guys cannot be used. If the tower 
is not being supported against the house, the pro¬ 
per base fixture accessory must be selected. 
(Requires 12"x12"x36" of concrete.) 


MT-61B 


FEATURES: l ' *■ •—* 

• Is freestanding with use of proper base 

• Maximum Height 6V (will handle 17 sq. ft @ 

53 ft. or 10 sq ft.@61 ft.l@50 mph 

• 1200 lb. brake winch 

• 4200 lb. raising cable 

• Total Weight, 400 lbs. 

Recommended base accessory: flB-61 B , 

FB-61B 

The MT-61B is our largest and tallest freestanding 
tower. By using the RB-61B rotating base fixture 
the MT-61B is ideally suited for the SY33 or SY- 
36. It you plan to mount the tower to your house, 
caution should be taken to make certain the eave 
is properly reinforced to handle the tower. If not. 
one of the base accessory fixtures should be used. 
(Requires I8"x18"x48" concrete.) 


The Hinged Base Plate allows 
tower to be tilted over for 
access to antenna and rotor 
from the ground. 


GENERAL FEATURES 

All towers use high strength heavy galvanized steel tubing that conforms to ASTM speci¬ 
fications for years of maintenance-free service. The large diameters provide unexcelled 
strength. All welding is performed with state-of-the-art equipment. Top sections are 2" 
O.D. for proper antenna/rotor mounting. A 10' push-up mast is included in the top sec¬ 
tion of each tower. Hinge-over base plates are standard with each tower. The high loads of 
today's antennas make Wilson crank-ups a logical choice. Pik« and ipacrfacaliom wibfact to changa without notice 


TILT-OVER BASES FOR TOWERS 


FIXED BASE 

The FB Series was designed to 
provide an economical method of 
moving the tower away from the 
house. It will support the tower in 
a completely free-standing vertical 
position, while also having the 
capabilities of tilting the tower 
over to provide an easy access to 
the antenna. The rotor mounts at 
the top of the tower in the con¬ 
ventional manner, and will not ro¬ 
tate the complete tower. 


FB-45B . 
FB-61B . 


$114.95 

169.95 


ORDER 

FACTORY DIRECT 
1-800-634-6898 


ROTATING BASE 

The RB Series was designed for 
the Amateur who wants the add¬ 
ed convenience of being able to 
work on the rotor from the 
ground position. This series of 
bases will give that ease plus ro¬ 
tate the complete tower and an¬ 
tenna system by the use of a 
heavy duty thrust bearing at the 
base of the tower mounting posi¬ 
tion, while still being able to tilt 
the tower over when desiring to 
make changes on the antenna 
system 

RB-45B. ..$179.95 
RB-61B... 249.95 


Finn wilson 

lilflBl SYSTEMS, INC. 

4286 S Pol**ii Aw L« Venn Nnidi 89103 


Tilting the tower over is a 
one-man task with the Wil¬ 
son bases. (Shown above is 
the RB-61B. Rotor is not 
included.) 


•••NEW”* 

ST64 64 ft. Stacking Tower 
ST77 ■ 77 ft. Stacking Tower 
CALL FOR INFORMATION 







WILSON SYSTEMS INC. MULTI-BAND ANTENNAS 


4 BAND 

TRAP VERTICAL 
(10-40 METERS) 


No bandswitching 
necessary with this 
vertical. An excellent 
low cost DX antenna 
with an electrical quarter 
wavelength on each band 
and low angle radiation. 
Advanced design 
provides low SWR and 
exceptionally flat 
response across the full 
width of each band. 
Featured is the Wilson 
large diameter High-Q 
traps which will maintain 
resonant points with 
varying temperatures and 
humidity. 

Easily assembled, the 
WV 1A is supplied with 
a hot dipped galvanized 
base mount bracket 
to attach to vent pipe or 
to a mast driven in the 
ground. 

Note: 

Radials are required for 
peak operation. 

(See GR-1 below) 


A trap loaded antenna that performs like a monobander! That's the characteristic of this six 
element three band beam. Through the use of wide spacing and interlacing of elements, the follow¬ 
ing is possible: three active elements on 20. three active elements on 15 and four active elements 
ori“ 10 meters. No need to run separate coax feed lines for each band, as the bandswitching is auto¬ 
matically made via the High-Q Wilson traps. Designed to handle the maximum legal power, the 
traps are capped at each end to provide a weather-proof seal against rain and dust. The special 
High-Q traps are the strongest available in the industry today. 

- SPECIFICATIONS - 


Band MH/ 

Maximum power input 
Gain (dBd) 

VSWR resonance 

Impedance. 

F/B Ratio 


14 21 28 
Legal Limit 
Call Factory 
1.3:1 
50 ohm 
Call Factory 


Boom (O.D. x Length) . 2" x 24' 2 V 

No of Elements 6 

Longest Element 28’ 2V' 

Turning Radius . 18’6" 

Maximum mast diameter 2“ 

Surface area 8 6 sq. ft. 

Matching Method Beta 

Wind Loading @ 80 mph 215 lbs. 

Maximum wind survival 100 mph 

Feed method Coaxial Baiun 

(supplied) 

Assembled vwight (approx) 53 lbs. 

Shipping weight (approx) 62 lbs 


P SPECIFICATIONS 

19’ total height 

Self supporting - no guys 

required 

Weight — 14 lbs. 

Input impedance: 50£2 
Powerhandling capability 
Legal Limit 

Two High-O traps with large 

diameter coils 

Low angle radiation 

Omnidirectional 

performance 

Taper swaged aluminum 

tubing 

Automatic bandswitching 
Mast bracket furnished 
SWR 1.1:1 or less on all 
bands 


SYSTEM 33 

(FORMERL Y SYSTEM THREE) 


Capable of handling the Legal Limit, the "SYSTEM 33" is the finest compact tri-bander avail¬ 
able to the amateur. Designed and produced by one of the world's largest antenna manufacturers, 
the traditional quality of workmanship and materials excells with the "SYSTEM 33". New boom- 
to-element mount consists of two 1/8" thick formed aluminum plates that will provide more 
clamping and holding strength to prevent element misalignment. Superior clamping power is ob¬ 
tained with the use of a rugged 1/4" thick aluminum plate for boom to mast mounting. The use of 
large diameter High-Q traps in the "SYSTEM 33" makes it a high performing tri-bander and at a 
very economical price. A complete step-by-step illustrated instruction manual guides you to easy 
assembly and the lightweight antenna makes installation of the "SYSTEM 33" quick and simple. 


SPECIFICATIONS 


1421 28 
Legal Limit 
Call Factory 
1 3 1 
50 ohmj 
Call Factory 


Band MH/ 

Maximum power input 
Gam (fibril 
VSWR at resonance 
Impedance 
F /B Ratio 


Boom (O.D. x length) 

No of elements 
Longest element 
Turning radius 
Maximum mast diameter 
Surface area 


Wind loading at 80 mph 114 lbs 

Assembled weight (approx) 37 lbs 

Shipping weight (approx) 42 lbs. 

Direct 52 ohm feed - no halun required 
Maximum wind survival 100 mph 


The GR 1 is the complete 
ground radial kit for the WV 
1A. It consists of: 150'of 7/14 
stranded copper wire and 
heavy duty egg insulators, in¬ 
structions. The GR 1 will in¬ 
crease the efficiency of the 
GR 1 by providing the correct 
counterpoise. 


a mawkm 


ORDER 

FACTORY DIRECT 
1 - 800 - 634-6898 


4286 S Polans Avr . Las Vegas Nevada 89103 


Pncet end spec.ticat.om subject to ctvenga without notice 
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WILSON MONO-BAND BEAMS 


THE ALL NEW 5 ELEMENT 20 METER BEAM 1 

At last, the antennas that you have been waiting for are here! The top quality, optimum spaced, and newest designed monobanders. The 
Wilson System's new Monoband beams are the latest in modern design and incorporate the latest in design principles utilizing some of the 
strongest materials available. Through the select use of the current production of aluminum and the new boom-to-element plates, the Wil¬ 
son Systems' antennas will stay up when others are falling down due to heavy ice loading or strong winds. Note the following features: 

1. Taper Swaged Elements — The taper swaged elements provide strength where it counts and lowers the wind loading more efficiently 
than the conventional method of telescoping elements of different sizes. 

2. Mounting Plates — Element to Boom — The new formed aluminum plates provide the strongest method of mounting the elements 
to the boom that is available in the entire market today. No longer will the elements tilt out of line if a bird should land on one end of 
the element. 

3. Mounting Plates — Boom to Mast — Rugged 1/4" thick aluminum plates are used in combination with sturdy U-bolts and saddles for 
superior clamping power. 

4. Holes — There are no holes drilled in the elements of the Wilson HF Monobanders. The careful attention given to the design has 
made it possible to eliminate this requirement as the use of holes adds an unnecessary weak point to the antenna boom. 

n With the Wilson Beta-match method, it is a "set it and forget it" process. You can now assemble the 

antenna on the ground, and using the guide-lines from the detailed instruction manual, adjust the tuning 
of the Beta-match so that it will remain set when raised to the top of the tower. 

The Wilson Beta-match offers the ability to adjust the terminating impedance that is far superior to 
the other matching methods including the Gamma match and other Beta matches. As this method of 
matching requires a balanced line it will be necessary to use a 1:1 balun, or RF choke, for the most 
efficient use of the HF Monobanders. 

The Wilson Monobanders are the perfect answer to the Ham who wants to stack antennas for maxi¬ 
mum utilization of space and gain. They offer the most economical method to have more antenna for less 
money with better gain and maximum strength. Order yours today and see why the serious DXers are run¬ 
ning up that impressive score in contests and number of countries worked. 

SPECIFICATIONS 
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Wilson's Beta match offers 
maximum power transfer. 


| WILSON SYSTEMS. INC. - 4286 S. Polaris 
| Las Vegas, NV 89103 - (702) 739-7401 

WILSON SYSTEMS ANTENNAS 


FACTORY DIRECT 
ORDER BLANK 


Toll-Free Order Number ■ 

1 - 800 - 634 - 6898 ! 


WILSON SYSTEMS TOWERS 


Joty 

Model 

Description 


Price 


C23B 

Description 

EX559 

Price 


SY33 

3 Ele. Tribander for 10. 15. 20 Mtrs. 

UPS 

•149 96 


TT 458 

Freestanding 45' Tubular Tower 

TRUCK 


! 

SY36 

6 Ele Tribander for 10. 15, 20 Mtrs. 

UPS 

199 96 


RB-458 

Rotating Base for TT-45A w/tilt over feature 

TRUCK 

179 96 

i 

WV-1A 

Trap Vertical for 10. 15. 20. 40 Mtrs 

UPS 

49 96 


FB-458 

Fixed Base for TT45A w/tilt over feature 

TRUCK 

11496 


GR 1 

Ground Radials for WV 1A 

UPS 

1095 


MT-61B 

Freestanding 61* Tubular Tower 

TRUCK 

489 95 



5 Elements on 20 Mtrs. 

TRUCK 

21496 


RB-61B 

Rotating Base for MT-61A w/tilt over feature 

TRUCK 

249 96 



4 Elements on 20 Mtrs. 

UPS 

149 96 


FB61B 

Fixed Base for MT-61A w/tilt over feature 

TRUCK 

169 96 


M-515A 

5 Elements on 15 Mtrs. 

UPS 

129 96 



NOTE: 




I’giif-i 

4 Elements on 15 Mtrs. 

UPS 

84 96 

On Coaxial and Rotor Cable, minimum order is 100 ft and in 50 multiples 


M-510A 

5 Elements on 10 Mtrs. 

UPS 

84 95 


Ninety Day Limited Warranty, All Products FOB Las Vegas. Nevada 


ntiiiH 

4 Elements on 10 Mtrs. 

UPS 

69 96 



FWCM EFFECTIVE FEBRUARY 1. IMS 




WM-62A 

Mobile Antenna 5/8 X on 2. 1/4 X on 6 

UPS 

19 95 





—— 


ACCESSORIES 





Nevada Residents Add Sales Tax 




HD 73 

Alliancs Heavy Duty Rotor 

UPS 

109 95 


Ship C.O.D. □ Check enclosed U Charge to Visa LJ M/C U 


RC-8C 

8/C Rotor Cable 

UPS 

12/ft 






RG-8U Foam-Ultra Flexible Coaxial 

Cable 38 strand center conductor. 11 guage 

UPS 

21/ft. 
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WILSON SPECIAL 


AIRCRAFT CABLE: 

3/16", 1x19: .10/ft (min. 1000 ft) 

1/8", 1x19. .06/ft (min. 1000 ft) 

Heavy duty 6" turnbuckles: $1.50 ea (min. 10) 
12" eye bolts, 1/2" stock: .75 ea (min. 10) 
Cable clamps: .25 ea. (min. 50)_ 


Please Prim 

Name_ 

Street_ 

City- 


-State _ 


_Zip- 


Ktf KStiom tub pact to chtnii without nottc*. vVWWTen 




























































































voltage-controlled 
resistance for 

Wien Bridge oscillators 


A simple improvement 
that uses a photocell 
as a voltage-controlled 

resistor 


Wien bridge oscillators 12 require some sort of 
voltage-controlled resistance in the feedback net¬ 
work to maintain unity loop gain as the frequency is 
varied over a wide range. In practice, part of the 
oscillator output voltage is used to control the vari¬ 
able resistance element so that the output voltage 
remains constant, or nearly so. The voltage-con¬ 
trolled resistance must not respond to the output- 
waveform instantaneous value, but only to its average 
amplitude. Thus, the voltage-controlled resistance 
device must have a long time constant compared 
with the lowest-frequency period. 

I've experimented with these circuits over the 
years, using incandescent lamps, diodes, and ther¬ 
mistors. 3 These methods all have shortcomings of 
one kind or another, and I think the idea described 
here works better than any of those others. 

homebrew device 

Shown in fig. 1 is a simple voltage-controlled 
resistor that can be homebrewed with readily avail¬ 
able parts. Such devices may be available already 
assembled but perhaps not as available as the two 
parts needed to build your own. The controlled resis¬ 
tor is a cadmium sulfide (CdS) photocell, obtainable 
from Radio Shack for 99 cents (catalog number 276- 
lie). Its resistance changes from several meg¬ 
ohms in darkness to about 100 ohms in bright light. 
It's most sensitive to yellow or green light. A green 
light-emitting diode (LED) causes the CdS resistance 
to vary inversely to the dc control voltage applied to 
the LED circuit. 


To prevent ambient light from interfering with 
operation, the LED-CdS assembly should be sealed 
as shown in fig. 2. The cover may be almost any type 
of scrap material, such as a square of copper-clad cir¬ 
cuit board. Drill a hole in the cover for the LED to 
stick through into the photocell, then epoxy the parts 
together and spray thoroughly with black paint. Be 
sure to mark the anode lead of the LED before epoxy 
is applied. 

circuit details 

Fig. 3 shows the complete oscillator. U1 is a dual 
jfet op amp, TL072CP, made by Texas Instruments. 
It gives excellent performance in this circuit. The 
oscillator signal at pin 7 of U1A is buffered and detec¬ 
ted to provide a dc control voltage for the LED. The 


CADMIUM 

SULFIDE 

PHOTOCELL 



fig. 1. Homebrew voltage-controlled resistor. 

1N914 is required because the emitter-base break¬ 
down rating of the 2N2222 is only 5 volts. The 10- 
ohm resistor in series with the filter capacitor is 
required for stability. The CdS photocell is connected 
into the oscillator circuit in the same way a thermistor 
would be used. Other information on Wien bridge 
oscillators may be found in the references cited. 

operation 

The 10-k trimpot is adjusted for maximum undis¬ 
torted output in the normal manner. If the trimmer 
capacitors on the tuning capacitor are properly ad¬ 
justed, output amplitude should be flat within about 
0.1 dB between 30 Hz and 200 kHz. If frequen¬ 
cies lower than 30 Hz are requried, the 500-/xF filter 
capacitor must be increased in value to prevent 
distortion. 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 
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fig 2. Cutaway view of homebrew voltage-controlled 
resistor. 



U! jfei op amp, TL072CP. For availability contact T.l. Supply 
Co., 6000 Denton Drive, Dallas, Texas 75235. 


fig. 3. Wien bridge oscillator with improved gain control 
circuit. 
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MY COMPETITION KNOWS ME 
YOU SHOULD, TOO! 



FREE: HALTRONIX 1979 Special Clock Kil Plus a 
FREE Inline RF Probe — with purchase of any Fre¬ 
quency Counter. 

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PARI NEEDED 10 MAKE YOUR 
COUNTER COMPLETE HAL S00A 7 EWGIT COUNTER WITH FREQUENCY RANGE OF 7ER0 
TO 600 MHr FEATURES TWO INPUTS ONE FOR LOW FREQUENCY AND ONE FOR HIGH 
FREQUENCY. AUTOMATIC ZERO SUPPRESSION TIME BASE IS t 0 SEC OR I SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY ± 001% UTILIZES 10-MHr 
CRYSTAL 5 PPM COMPLETE KIT $129 

HAL-300A 7-DIGIT COUNTER (SIMILAR TO 600A) WI1H FREQUENCY RANGE OF 0 

300 MHr COMPLETE KIT *100 

HAL-SOA 6 DIGIT COUNTER WI1H FREQUENCY RANGE OF ZERO 10 60 MHr OR BLUER 
AUTOMATIC DECIMAL POiN! ZERO SUPPRESSION UPON DEMAND FEATURES TWO IN 
PUTS ONE FOR LOW FREOUENCY INPUT AND ONE ON PANEL FOR USE WITH ANY INTER 
NALLY MOUNTED HALTRONIX PRE SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE I 0 SEC AND 1 SEC TIME GATES ACCURACY 1 001% UTILIZES TO MHr 
CRYSTAL 5 PPM COMPLETE KIT $109 

PRE-SCALER KITS 

HAL 300 PRE (Pre drilled G-10 board and all components) $14.95 

HAL 300 A/PRE (Same as above but with preamp) $24.95 

HAL 600 PRE (Predrilled G-10 board and all components) $29.95 

HAL 600 A/PRE (Same as above but with preampl $39.95 


0 


HAL-1 GHz PRESCALER, vhf & uhf input &out 

PUT DIVIDESBY 1000 OPERATES ON A SINGLE 5 VOLT SUPPLY 

PREBUILT a TESTED $79.95 


TOUCH TONE DECODER KIT 

HIGHLY STABLE DECODER KIT C0MESWITH7SIDE0 PLATED THRU AND SOLDER FLOWED 
G-10 PC BOARD 7 567 s. 2 7402, AND ALL ELECTRONIC COMPONENTS BOARD ME AS 
URES 3-172x5-1/2 INCHES HAS 12 LINESOUT 0Nlv$39.9S 
DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 
7206 CHIP PROVIDES BOTH VISUAL AND AUDIO INDICATIONS' COMES WITH ITS OWN 
TWO TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2-3/4" x 3 3/4" COM 
PLETE WITH TOUCH TONE PAD BOARD CRYSTAL CHIP AND ALL NECESSARY COMPO 
NENTS TO FINISH THE KIT PRICED AT $29.95 

FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND HELD UNIT THE PC BOARD 
MEASURES ONLY 9/16" x 13/4" THIS PARTIAL KIT WITH PC BOARD, CRYSTAL, CHIP 
ANO COMPONENTS PRICED AT $14.95 

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR 
WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT, IN OST MAGAZINE 
ANO THE 1975 RADIO AMAIEUR S HANDBOOK $16.95 

ACCUKEYER - MEMORY OPTION KIT PROVIOES A SIMPLE LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO tHE WB4VVF ACCUKEYER WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER IT CAN ALSO BE ATTACHED tO ANY 
STANOARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95 

PRE-AMPLIFIER 

HAL PA-19 WIDE BAND PRE AMPLIFIER, 2 200 MHr BANDWIDTH (- 3dB 
POINTS) 19 08 GAIN FULLY ASSEMBLED AND TESTED $B,95 

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL - $7.95. 

OPERATES ON 12 VOLT AC (NOT SUPPLIED) PROVISIONS FOR OC AND 
ALARM OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G 10 PRE DRILLED PC BOARDS I CLOCK CHIP 6 
FND 359 READOUTS. 13 TRANSISTORS 3 CAPS 9 RESISTORS 5 DIOOES 3 PUSH 
BUTTON SWITCHES POWER TRANSFORMER ANO INSTRUCTIONS DON T BE FOOLED BY 
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA PRICED AT $12.95 

CLOCK CASE AVAILABLE ANO WILL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR 
PRICE $6 50 BUT ONLY $4 50 WHEN BOUGHT WITH CLOCK 
SIX-DIGIT ALARM CLOCK KIT FOR HOME CAMPER RV OR FIELD DAY USE OPER 
ATES ON 12 VOLT AC OR OC. AND HAS ITS OWN 60 Hr TIME BASE ON THE BOARD COM 
PLETE WITH ALL ELECTRONIC COMPONENTS ANO TWO PIECE, PRE DRILLED PC BOARDS 
BOARD SIZE 4" x 3" COMPLETE WITH SPEAKER AND SWITCHES IF OPERATED ON DC 
THERE IS NOTHING MORE TO BUY * PRICED AT $16.95 

•TWELVE VOLT AC LINE CORO FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM 
110 VOLT AC *2.50 

SHIPPING INFORMATION - ORDERS OVER $15 00 WILL BE SHIPPEO POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED ON ORDERS LESS 
THAN $15 00 PLEASE INCLUDE ADDITIONAL $100 FOR HANOLING ANO MAILING 
CHARGES SEND SASE FOR FREE FLYER 
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P. O. BOX 1101 
SOUTHGATE, MICH. 48195 
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a carrier-operated relay 

for your 

Heath HW-2036 


Simple mods 
you can make 
to enjoy your 
a-m/fm radio 
and your 2-meter rig 
at the same time 


If you have problems doing more than two things 
at once, then this modification is for you. Try it if you 
own a HW-2036 2-meter rig and have trouble trying 
to decide between listening to an interesting conver¬ 
sation on the rig and soothing background music 
from your a-m/fm radio while traveling down the 
road. 

I've installed a COR (carrier operated relay) in the 
2036 to switch the a-m/fm radio on and off when the 
2036 is receiving a signal. The a-m/fm set goes off 


when a signal is received on the 2036, which results 
in only one radio being on at a time — a real blessing 
for eliminating the hectic atmosphere in an automo¬ 
bile when both radios are running simultaneously and 
you are in rush-hour traffic. 

operation 

The circuit is simple and I'm surprised that Heath 
hasn't made it an available option on. the 2036. The 
basic idea is to turn off the a-m/fm radio during the 
transmit and receive modes of the 2036. 

The benefit of turning off the a-m/fm radio during 
the transmit is twofold. First, there's no possibility of 
transmitting your soothing background music over 
the 2-meter rig, which is not looked upon favorably 
by the FCC, to say the least. The second benefit is 
that listening to the a-m/fm radio is automated while 
going down the road. 

circuit 

The diodes (fig. 1) are used solely for isolation to 
keep this circuit from affecting anything going on at 
the connection points in the 2036. The RC network 
on the relay gives a delay of 1-2 seconds to keep the 
a-m/fm radio off during short repeater dropouts or 
when working simplex. 

By Gary L. Long, WD5HYQ, Route 5, Box 267, 
Muskogee, Oklahoma 74401 
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construction 

I located all the parts beside the lever switches on 
the 0/5-kHz switch side of the HW-2036. A little 
Super Glue will hold everything in place for wiring. 
The transistor isn't critical; just be sure it can handle 
enough source current for the relay. 

0/5-kHz — COR bypass. If you live in a signal area 
with very few repeaters that require the 0/5-kHz 
switch, you can make it a dual function switch (0/5- 
kHz — COR bypass). This beats installing another 
switch in the rig and messing up the looks of the 
2036. This addition is useful when the a-m/fm radio 
is broadcasting something you don't want interrupt¬ 
ed while listening to it. All that's necessary is to 
remove the wire going to SW6 from pin X on the syn¬ 
thesizer board and reconnect it through an isolation 
diode to the switch as shown in f ig. 1. 



fig. i. Circuit for turning off your a-m/fm radio during trans- 
mit receive mades of the Heath HW-2036 2-meter transceiv¬ 
er. Circuit features a 0/5-kHz — COR bypass arrangement. 


A-m/fm connections. All that's left to do is to con¬ 
nect a pair of wires to the relay contacts and feed 
them out through the same slot in the back of the 
radio where the power cable comes out. The easiest 
way to connect these wires is to pull the a-m/fm 
radio fuse and connect these wires right at the fuse 
block. Don't forget to install an in-line fuse on one of 
the wires before you turn on the power. 

one last item 

I had been plagued with a birdie problem, and 
while I had the rig apart I decided to go hunting for 
birdies. This critter appeared on 146.85 MHz, 146.52 
MHz, and several other places. My solution was to 
put a mica capacitor across the base-collector junc¬ 
tion of Q409 on the synthesizer board. The value 
appears to be critical. The best response was obtained 
in my rig by using about 820 pF. 

ham radio 
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X-BAND MICROWAVE 
BUILDING BLOCKS 


. 



GUNN SOURCE 
FREQ. * 10.5 GH. 
POWER OUT: 10 mw nom, 
BIAS = +8V DC 

G.S.-l. ..$53.Idea. 


FILTER-MIXER HORN ANTENNA 


STOP BNO: IS ?4 GH. 
INS. LOSS = 2 OB MAX. 
BIAS * 25 fit nom. 
VSWR: 1.5:1 MAX: 
F.M.-l .. $44.70ca. 


FREQ. = 812 GH 
GAIN ■ 18 DB 
VSWR • 1.3.1 

H.A.-l ... SI5.90 


VIDEO DETECTOR IMPATT SOURCE PAROB. ANT. 

GET. BNO.■ 10.5 GH i25mh FREQ: 10.5 - 10.55 GH. FREQ.; 10 - 10.6 GH. 

TANG SENS: -50 DBM MIN. PWR OUT: 50120 mw. GAINS 34 08 

BIAS * 20 lit BIAS = 90V nom. SIZE = 2' dia 

POLAR: E PLANE 

V.D.-l... $39.IOea. I.S.-l.... $52.IOea. P.A.-I .. $456.00 


IMPATT SOURCE 
FREQ: 10.5 - 10.55 GH. 
PWR OUT: 50120 mw. 
BIAS = 90V nom. 


E.B.A. MICROWAVE 
CS 6800 P.O. BOX A123 
COSTA MESA. CA 92627 

Check, Money Order, Fisa or Ma\terCharge Acceptable 


from SCELBI: 

PRACTICAL ANTENNAS! 

You've never seen an antenna book quite like this: 

• How to build practical beams. 

- quads and wire antennas 

ANTENNAS * c ' om P u,ef generated beam 

headings to every known country 

y r. in the world 

].j|Bcf)ji • Charts and tables to eliminate 
tricky calculations 

'I " T• Practical ideas tor the newcomer 
__ J • Complete bibliography ol magazine 

_ articles on antennas 

Ban* » ■■ 

_ • Tips on how to keep your antenna 

up And much, much more 

New format, big diagrams, easy-to-read text. 
And it's completely brand new! Durable vinyl 
cover. $9.95. Order now. 


Ham Radio’s Bookstore nhS 

Send Practical Antennas to 

Name _ 

Street _ 

City _State_Zip_ 

Please enclose $9 95 plus St 00 shipping or credit card information 
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Reading Ideas FROM tW 

SAVE TIME LATEST RELEASES! fy 

PLEASE INCLUDE $1.75 for CALLBOOK SHIPPING 


ELIMINATE 

HASSLE 

SHOP BY 
MAIL 

ORDER TODAY 

Ham Radio’s 
Bookstore 

Greenville. NH 03048 

Please allow 2-3 weeks tor delivery 


SIMPLE LOW-COST WIRE ANTENNAS 

Learn how to build simple, economical wire antennas Even 
it you don't know a teedlme from a feed through W6SA! 
will get you on the air with an effective low cost wire 
antenna And apartment dwellers take note' Foot your 
landlord and your neighbors with some ol the invisible 
antennas found here For the otd timer as well as the 
beginner it s a clearly written well diagramed and even 
humorous antenna book 19? pages ©197? 

[ RP-WA Soli bound $5 95 

BEAM ANTENNA HANDBOOK 

by William I. Orr. W6SAI 

Here's recommended reeding lor anyone thinking about 
gutting up a yagi beam this year It answers a lot ot 
commonly asked questions like What is the best element 
spacing 1 ’ Can different yagi antennas be stacked without 
csmy performance’ Do monoband beams outperform tri- 
banders’ lots ol construction protects, diagrams and 
photos make reading a pleasurable and informative 
experience 198 pages ©1977 

□ RP-BA Soli bound $4.95 

THE RA0I0 AMATEUR ANTENNA 
HANDBOOK by Wllllom I. Orr. W6SAI and 
Stuart Cowan. W2LX 

It you re pondering what new antennas to pul up we rec 
ommend you read this very popular book It contains lots 
ol well illustrated construction protects lor vertical long 
wire and HF/VHF beam antennas But. you II also get 
information not usually tound in antenna books There is 
an honest ludgmen! ol antenna gain figures information on 
the best and worst antenna locations and heights, a long 
look at the quad vs the yagi antenna, information on 
baluns and how to use them and some new information on 
the increasingly popular Sloper and Oetta loop antennas 
The text IS based on proven data plus practical on the air 
experience We don't expect you'll agree with everything 
On and Cowan have to say. but we are convinced that The 
fledle Amateur Antenna Handbook will make a valuable and 
often consulted addition to any Ham's library 190 pages 
©1978 

□ RP-AH So ft bound $6.95 


1980 RADIO AMATEUR CALLBOOK 

Don t be one ol those who wans until the year is halt over 
lo buy a new callbook Invest in a callbook today and get a 
tun year s use out ol your purchase Crammed lull ot the 
latest addresses and OSl information You II lind * Bold 
lace calls names and addresses lor every licensed Ama 
teur in the U S — It's a list that s more accuiate than the 
FCC'S • Slow Scan TV directory • The latest ARRl coun 
tries list • International Postal into • OSl Managers from 
around the world • Standard time charts • A complete 
census ot international Amateur population • PIUS MUCH 
MUCH MORE 1 A super value al an amaainglv low price 
The 1980 callbook is a perfect Christmas gift lor friends or 
lor yourselt Order today to make sure you have the new 
callbook before the holiday season 

□ CB-US Sottbound $16.95 


1980 ARRL HANDBOOK 

Full of exciting new features lor the 80 s new is the time 
to order vour copy of the 1M0 AML RADIO AMATEUR'S 
HANDBOOK Internationally recognized and universally 
consulted every amateur should have the latest edition 
The new HANDBOOK covers virtually all ol the state ol the 
art developments m electronics theory and design Novices 
will tmd it to he an indispensable study guide while the 
more advanced Amateur will enioy budding the many new 
protects 

□ Order AR-HB80 Sottbound $10 00 

□ Ordor AR-BB80 Hardbound $15.75 


ANTENNA BOOKS 

73 VERTICAL. BEAM. AND 
TRIANGLE ANTENNAS 

A collection ot 73 different vertical beam and triangle 
antenna designs it contains construction details for single 
and multi element verticals, multi element horizontal 
arrays yagis quads and triangles Here s an antenna 
cookbook sure to spark your imagination 160 pages 
©1977 

□ 24021 Sottbound $5 50 

BEVERAGE ANTENNA HANDBOOK 

by Victor Mtsok. W1WCR 

The Beverage or Travelling Wave antenna is becoming pop 
uiar as a separate receiving antenna which greatly reduces 
interference trom foreign broadcast and other stations on 
the lower Amateur bands Because it consists of a single 
longwire and a terminating unit the Beverage is easy and 
economical to construct The author gives you theory and 
describes a number of different Travelling Wave and Steer 
able Wave antennas ail designed to greatly reduce QRM 
on the 40 80 and 160 meter bands 39 pages ©1977 

□ VM-BAH Sottbound $5 00 


THE ARRL ANTENNA BOOK 

For years this has been the standard manual on Amateur 
antennas The popular vertical, wire, beam. VHF/UHF 
and Oscar antennas are given lull theoieticel and practical 
treatment as well as mobile and restticted space antennas 
Wave propagation and antenna measurement are also dis¬ 
cussed Makes a great companion to the ARRl s new 
Antenna Anthology 336 pages ©1974 
CAR-AM Sottbound $5 00 


THE ARRL ANTENNA ANTHOLOGY 

by tho ARRL (till 

This btand new book pulls logethei a wide selection of 
antenna articles from OST Written tor Amateurs ot all 
levels and interests Included are phased arrays verticals 
Yagi's even the VHF Ouagi! Detailed instructions and 
lull illustrations make this a really useful book lot any 
Amateur 192 pages ©1979 

□AR-AA Sottbound $4 00 


THE 1980 FOREIGN CALLBOOK 

DXrng is a real toy but U S even better when you get back 
OSl cards trom the countries you ve worked The most 
important tool in getting those cards is to have a copy ot 
the 1980 Foteign Callbook on your operating table 
Stations ate listed by country call name and address in 
bold easy to read type You also get Great Circle Beam 
headings Horn maioi U S cities, international Postal 
information. DXCC Countries list. Worldwide OSl bureaus. 
Standard time charts and mote Get the OX uitotmation you 
want when you want it Order today so you have a copy 
on hand lot the winter DX season 

□CB-F Sottbound $15.95 


SHORTWAVE PROPAGATION 
HANDBOOK 

Edttod by Goorgo Jacobi. W3ASK. and 

Thaodore J. Cohan. N4XX 

For many hams both new and ok) radio wave propagation 
is still a mystery Realizing this, the authors went about 
the task of preparing a simplified text that could be under 
stood by hams, swt s and engineers alike Stress has been 
given to simplified explanations and charts The authors 
also detail a simplified method of do it yourself propagation 
forecasting To assist your forecasting efforts, the book 
contains a complete listing ol the 12 month smoothed sun 
spot numbers since 1749 Join those who know how to 
predict when the bands will open to specific areas ol the 
world ©1979 

□ CQ-PH $7.50 


PRACTICAL ANTENNAS 

PRACTICAL ANTENNAS is not quite like any ol the other 
ham antenna books Written by a knowledgeable DX er 
this new book is chock full of helpful hints and sugges 
tions on the how-to's ol putting up a super antenna 
system Chapters include information on design and con 
struction of practical Yagis quads and wire type antennas 
inside you it also tind a complete bibliography ol antenna 
anicies from the popular amateur publications Charts and 
tables are designed lo eliminate ail those tricky calcuta 
tions And SCtLBl has included a list of computer gener 
aled beam headings from major population centers to all 
the countries of the work) A new format large easy to 
read texi and durable vinyl cover make PRACTICAL 
ANTENNAS a must tot every amateur library v© 1979 

□ SC-PA $9.95 


ALL ABOUT CUBICAL QUAD 
ANTENNAS 

Thu cubical quad antenna is considered by many lo be the 
best DX antenna because ot its simple lightweight design 
and high pertormance in Bill Orr s latest edition ol this 
well known book you II lind quad designs tot everything 
from the single element to the muni-element monster quad 
plus a new higher gam expanded quad (X-0) design 
There's a weatlh ol supplementary dale on construction, 
lending tuning, and mounting quad antennas It s the 
most comprehensive single edition on the cubical quad 
available 112 pages ©1977 

□ RP-CO Sottbound $4.75 


Paces subreef to change without nonce 


Please add $1 tor shipping 

CANT WAIT? 

CALL TOLL FREE 

1 - 800 - 258-5353 
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CONTINENTAL SPECIALTIES 


/////// 


MICROPROCESSOR COMPONENTS 


Continuity Tostor and Flashlight 

Convenient versatile tool for quickly 
checking continuity of dead circuits, 
switches, appliances, cords, fuses. 
Tl ) motors, control equipment, coils 
ft y and panel boards. Also tests cir 
111/ cuits for low resistance shorts and 
| W helps identify wires in multi wire 

W cables. Dozens of other uses Plus 

the added convenience of a handy 
! n I\ durable flashlight Uses two AA size 
(All penlight batteries (not furnished) 

V Vi/ Insulated clip prevents accidental 
shorting to case Alligator dip has 
48" lead with plug 

RT300 *7.95 


• (M * SVOC IWWM 9 NMW 

fUll 0 an LAtCHf 0 OUTPUT-19 KEYBOARD 


JUST UURAP Replacement Wire 

Nnini M* 


RJWB 

Blue 

50 It roll 

$2 96 

RJWW 

White 

50 ft roll . . 

298 

RJWY 

Yellow 

SO It roll 

298 

R JW R 

Rod 

50 It roll . . . 

298 


jwg *» IM v'C’MrocnM’ l>IV "ww* KWi 
IlnUHMpiilIXM* ’*• Ov*W* M UUHW t*6 neWWM 

•n liD ••40MI *A0 MMM Him ewv BOS* 


JE600 .$59.95 

Hexadecimal Keypad only SI 4 95 


JUST UMAP Unwrap Tool $3.49 


• f our M0“nt. end two JOO”W. 
common anode displays 

• Lises wmsjii cloth chip 

• Switches tor hours, minutes and hold luncilont 

• Hours easily viewable to a teat 

• Simulated walnut case 

• US VAC operation 

• Uor K hour operation 

• includes all components, case and wall transformer 

• Suei MiMs Its 

JE747.$29.95 


62-Key ASCII Encoded Keyboard Kit 


FEATURES 
• 60 Keys pen 


rate the full 128 char 
and lower ceee ASCII 


JE701 


• Bright 300 ht. comm ceth 
ode display 

• Uses MM5314 clot* chip 

• Switches *or hours, minutes 
and hold modes 

• His easily viewable to 20 It 

• Simulated walnut case 

• 115 VAC operation 

•12 or 24 hr operation 

• Incl all components, case A 
well transformer 


The JC61062 Key ASCII Encoded Keyboard 
Kit can be interlaced into most any com 
putar system. The JE610 Kit comes com 
plate with an industrial grade keyboard 
twitch assembly 162 keys). IC's. sockets, 
connector, electronic components end a 
double sided printed wiring board The 
keyboard assembly requires *5V t» 150mA 
and -12V • 10mA lor operation 


• Fully buttered 

•2 user delme keys provided lor 
custom applications 

• Ceps lock lor upper case only 
alpha characters 

• Utilizes a 2376 (40 pin) encoder 
read only memory chip 

• Outputs deadly compatible with 
TTL/DTL or MOS logic arrays 

•Easy interlacing wtth a 16 pm dip 
or 1B pm edge connector 

JE610_ $79.95 

62 Key Keyboard only. $34.95 


ADAPTER BOARD 
-Adapts to JE200 — 
*5V. f 9V and *12V 


DC/DC converter with «5V input Tonodal hi 
speed twitching XMFR. Short circuit protection. 
PC board construction Piqqv back to JE 200 
board Sue 3V4‘* x 2" x 9/l6"H 

^JE205 .$12.95 


r r J \ 
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ELECTRONICS 


M ill ORDER I.IECIKOMOi WORLDWIDE 
1366 SHOREWAY ROAD. BELMONT. CA 94003 
ADVERTISED PRICES GOOD THRU FEBRUARY 


JUST UWW> Kit 

• JUST WRAP Tool • Unwrapping Tool 


JWK-6 


$24.95 


6-Digit Clock Kit $19.95 I hickok LX303 Portable LCD Digital Multimeter 
Regulated Power Supply I- 

Uwti LM309K Heat sink \ 
provided PC board con 
itructton Provides a solid 
1 amp W 5 volts. Can supply up 
to • 5V. • 9V and 12V with WjV 
JE205 Adapter Includes compo 
nents, hardware and instructions. 

Sue 3 W' x 5" x 2"H 

JE200. $14.95 


Vacuum Vise 

A « ..i 

1 M anrl assemblies ABB cor. 

VV-1 $3.49 


Digital Multimeter 


$10 00 Min Order - U.S *undt Only Spec Sheets - 254 

Cel it Residents Add 6% Seles Tax 1980 Catalog Ava. labia - Sand 414 stamp 

Postaga - Add 5\ plus St Insurance til da sr red I 

!■■■■■ PHONE 

.r* FREE -c, ORDERS 

V* L 9 ??„r. > IdlllvtaU WELCOME 

(4151 592 8097 


gjg EPROM 

•Erase* 2706. 2716. 1702A. 62030. 62040. etc 
•Erases up to 4 chips within 20 minute* 

•Maintains constant exposure distance ot one inch 
•Special conductive foam line eliminates static buildup 
•Built m safety lock to prevent UV exposure 
•Compact - only 7-5/8“ x 2-7/8” x 2” 

• Complete with holding tray lor 4 chips 

UVS 11E.$69.95 


0 JOYSTICK 

• 2 wch 100K poll (Linaai 

^ * 

•Printed Circuit Board 
” r\y Mount 

•Sue r*l 3/16~* 1 3/IB** 


JOYSTICK 


$4.95 


DIGITAL 

THERMOMETER KIT 


TRS-80 

16K Conversion Kit 


JUST UURAP' 


Expand your 4K TRS 80 System to 16K 
Kit comes complete with 

•Beech UPD416 1 (18K Oynemrc Rams I 250NS 
• Documentation tor conversion 


TRS-16K 


$75.00 


JE600 HEXADECIMAL 
ENCODER KIT 


Jumbo 6-Digit Clock Kit 


• 30 AWG wire • 025" square posts 

• Daisy chaws or • Built in cut off 
point to point • Includes 50 ft. wn 

• No ttrqtpmg or stilting required - 
K»*l wrap 


|HK 0471 »ui 'Am 

'* *> UP0414 4* Opwoctepe 

lf« I UK407/1 

'• » IP04M ie* D»ie*c t# px /Sftts 

»»» (bMlIii 

N» 1US4044 U stm 14 m 

»•» 4VK 

TMS404) 107414 SUM 

44 r, 711 f 14 14411 Drwiw lions 

- .Sews -wsed- 

t SO liBli' TUI Owawc 


• Due' sensor* twitching control tor in 
door/outdoor or dual monitoring 

•Continuous LED 8 ht display 

• Range 40** io IM1 40*C to 1O0*C 
■Accuracy It* nominal 

•Sal lor Fahrenheit o» Celsius reading 

• S.m walnut case AC wall adapter incl 

• Sum 3 1 4 Hx6 6/8 'Wx 1 3/8 □ 


JE300 .$39.95 


Proto Boards 


PB6 
PB 100 
PB 101 . . 
PB 102 
PB 103 
PB 104 
PB 203 
PB 203A 
PB 203A Kit 


$17 95 
1995 
22 95 
26 96 
44 95 
55 96 
99 95 
155 00 
131.00 


7/i««iTti w 
TMS7SU tax* 
(7/1*1 -New 
IMS7S37 *»»* 

j/oi ax 
tm t • _ i«x- 

W0J 7044 

*»' i.7Hi. 1074 
u» n/eoh 7S» 


Logic IBonitor 


The Logic Mom 

tor allows you to W 

check logic levels 

on Ml 16 pins ol H 

any DTL. HTL. w* Ml 

TTL. or CMOS V U 

device It he* a typ U 

•cal input impedance ol \ 

100K ohm* and weight a \ |Z 
mere 3 or. (85 gramtl It ha* “S B * 
an input volt, range of 4V to 15V 
and draws a max. of 100mA1410V 

LM-1.$70.00 


* 


Proto Clips 


14 PIN CUP PC 14 
16 PIN CLIP PC 16 
24 PIN CLIP PC 24 
40 PIN CLIP PC 40 


S 4 50 
$ 4 75 

$10 00 

$1600 


More Details? CHECK - OFF Page 94 
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plasma-diode experiments 


Plasma diode detector 
using a neon glow lamp — 
today’s answer 
to the slotted-line 
standing-wave detector 


The use of the plasma in glow lamps and specially 
designed discharge tubes for microwave detection is 
not new. 14 In most cases, means are provided for 
focusing the microwave energy on a selected point 
of the discharge, with the detector output appearing 
as a variable component of the lamp current. 

The plasmas operate at quite high power levels as 
far as biasing is concerned (20 mA and 250 volts). 


This type power supply is out of line for the experi¬ 
menterworking with transistors and ICs. 

The drawback of the conventional kind of plasma 
detector is its high noise. Relying on Maxwell's dis¬ 
placement current, research workers have, however, 
constructed glow-lamp microwave detectors that are 
free from the annoying lamp-current noise. In certain 
cases they are even more sensitive than the old 
standby, the crystal diode. These new detectors 
operate in the gigahertz region up to >00 GHz (3-mm 
wavelength). 

starvation-current mode 

A recent research and development project at Ser- 
colab revealed that worthwhile detector sensitivity 
can be achieved in a "starvation current" glow-lamp 
mode, with the demand on supply power reduced to 
about 0.1 per cent. This kind of operation brings the 
glow-lamp microwave detector within every experi¬ 
menter’s reach, since the entire power supply con¬ 
sists of a few 9-volt transistor batteries. With capaci- 
tively coupled microwave energy, the glow-lamp 
detector combines an acceptable signal-to-noise 
ratio with a broad frequency range, a wide dynamic 
range, and the feature of being almost indestructible 
— something that can't be claimed for its competi¬ 
tor, the crystal diode. 

By Dr. Harry E. Stockman, Sercolab, P.O. 
Box 78, Arlington, Massachusetts 02174 
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the "starvation-current" mode. LC is the loop antenna; N is 
a neon lamp. Other components are discussed in the text. 

Its characteristic of being able to take a heavy 
overload without showing any defect in operation 
makes the glow lamp a handy microwave detector. 
Furthermore, it's inexpensive. A brand-new neon 
lamp costs only 25 cents. (Radio Shack's NE 2 and 
NE 2H are good examples.) 

Today, triode and tetrode glow lamps, such as the 
TRJ 250, are being used successfully as microwave 
detectors, providing the desired coupling internally.* 
Alternatively, an external capacitor plate can be 
attached to a diode, cemented to the glass envelope. 
In the detector described below, a diode lamp with 
protruding terminal wires is used with an external rf- 
electrode arrangement that forms a loop antenna. A 
dipole antenna with capacitor plates provides an 
alternative. 

test setup 

Fig. 1 shows a simple test rig. In the starvation 
mode, only the tip of the cathode electrode glows. 
The capacitor plates, C, of the loop antenna, L, are 
loosely coupled to the discharge. (We are looking 
into the glow lamp, N, in the plane of the two elec¬ 
trodes.) Each lamp terminal wire is formed into two 
solenoid turns around any temporary 3-mm (1/8- 
inch) core, thus providing an rf choke. 

Potentiometer P is a small 25k trimpot. Variable 
resistor R is 250k. The values are not critical. R1 is a 
5k safety resistor. A 741 1C is the detector — output 
amplifier; but two 741s in cascade are better, mean¬ 
ing that we may use a 14581C. 

The output indicators are a scope, an electronic 
voltmeter, and earphones. Eight 9-volt batteries are 

•The TRJ 250 tube and other glow lamps suitable for microwave detection 
are obtainable from General Instrument Signalite Division, 1933 Heck 
Avenue, Neptune, New Jersey 07753. 


used, held together with a rubber band. The lamp- 
supply current amounts to only 0.1 mA, so the life of 
the major part of the battery is almost the shelf life. 

the antenna 

The experimenter can readily make up an assort¬ 
ment of loop antennas by clipping metal strips from a 
coffee can, or better, from a neatly polished, some¬ 
what thicker, copper sheet. The width of the strips 
may be 6 mm (1 /4 inch). 

The quickest way to obtain a properly tuned sys¬ 
tem is to try out different-size loops for a given wave¬ 
length. The inductance can be reduced somewhat by 
flattening the loop. The loop position relative to the 
glow lamp is shown in fig. 1. This is only one of sev¬ 
eral possible positions. Actually, the best results 
were obtained with the loop folded 90 degrees out of 
the paper (fig. 1), so that its axis is parallel with the 
direction of the electrode system. The loop is then 
moved up, down, and lengthwise for optimum coup¬ 
ling to the plasma. For the loop orientation with 
respect to the transmitter, the rules are about the 
same as for everyday shortwave work. 

test equipment 
and adjustments 

Two low-power laboratory oscillators were avail¬ 
able for the tests — one 1.2 GHz (25-cm wavelength) 
and a 2.4 GHz (12.5-cm wavelength). Each was 
amplitude modulated with a 1000-Hz tone. 

In adjusting the receiver, the P and R controls are 
set in a combination that does not promote CR relax¬ 
ation oscillations, which are common in neon-lamp 
hookups. The adjustment of the controls is such that 
maximum detector audio output is provided. 

Once the proper control setting has been found, 
the detector will remain stable. If, after a long time of 
operation, the lamp goes out, potentiometer P volt¬ 
age is temporarily increased to make the lamp fire. 
Then it is decreased to its previous value. Most lamps 
fire in the 60-70 volt range. The extinguishing voltage 
is then some 10 volts or less. 



fig. 2. Plasma detector of fig. 1 implemented for plotting 
standing waves on a transmission line. Loop must be moved 
along the line at a constant distance from the line for con¬ 
sistent data. 
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Order Your Collins KWM-380 
NOW! 

and receive FREE 

(+ old pricing, deposit only required) 

1) Noise Blanker — $195.00 

2) or 2 Filters, your choice — $96.00 ea. 

3) or Blower Kit — $195.00 



Get on with the Best! 



1508 McKinney • Houston. Teias 77002 • (713) 658 0268 


WANTED FOR CASH 



490-T Ant. Tuning Unit 

(Also known as CU1658 
and CU1669) 


4CX150 

4CX250 

4CX300A 

4CX350A 


4CX1000 
4CX1500 

4CX3000 4CX10.000 4-65 4-250 4-1000 

4CX5000 5CX1500 4-125A 4-400 304TL 

Other tubes and Klystrons also wanted. 



Highest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 


DCO, INC. 

10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 

800-526-1270 Evenings (201) 998-6475 


uses 

Among practical uses of this detector is the deter¬ 
mination of the oscillator wavelength. The glow- 
lamp detector is placed at the side of the transmitter 
with just enough coupling for the modulation tone to 
be heard in the earphones. A meter stick is then placed 
vertically on the bench, and a reflector is moved up 
and down along the stick. Readings are taken at 
every sharp null on the meter or in the earphones. A 
suitable reflector may be made from heavy aluminum 
foil cemented to the back of a writing-pad cardboard. 

A bigger reflector is better. One with a quarter- 
meter side is a deluxe article. The average distance 
between the nulls is one-half the wavelength. Really, 
doing it this way we're too close to the transmitter, 
and if the experiment is repeated in the horizontal 
plane, with a larger distance between transmitter and 
receiver, better accuracy results. 

In another experiment, we may rig up a two-wire 
line in air with a wire distance of 13 mm (1/2 inch), 
using one end for coupling and the other end either 
open or closed. Another arrangement is to put a bit 
of TV downlead on a wooden table, similarly arranged 
at the ends. 

Fig. 2 shows how the excited end of the line is 
formed into a loop, coupled through the mutual 
impedance, Zm. to the oscillator. With the line 
removed, the transmitter is tuned for minimum direct 
pickup by the receiver. Then, with the line in posi¬ 
tion, Zm is assigned the compromise value that gives 
a clear standing-wave pattern with only sufficient rf 
power for good deflections on the voltmeter. 

The detector is then moved along the line and the 
readings are tabulated, whereupon the standing- 
wave pattern can be plotted. Loop L must be moved 
at a constant distance from the line. 

The two-wire air line gives sharp nulls, and the 
wavelength obtained agrees quite well with that 
measured in the preceding reflector experiment. The 
TV cable nulls are not equally sharp, and the meas¬ 
ured wavelength is smaller than the true wavelength 
because the insulation dielectric constant is larger 
than unity. 


references 

1. G. Burroughs and A Bronwell. “High Sensitivity Gas Tube Detector/' 
Te/e Tech. vol. II. August. 1952, pages 62 63 

2 N.S. Kopeika and N.H. Farhat, "Video Detection of Millimeter Waves 
with Glow Discharge Tubes," IEEE Transactions on Electron Devices, vol. 
ED 22. No 8. August. 1975. pages 534 548 

3. N.S. Kopeika et al. "Commercial Glow Discharge Tubes as Detectors of 
X Band Radiation," IEEE Transactions on Microwave Theory and Technol¬ 
ogy. vol. MTT 23, October. 1975. pages 843 846 

4 N.S Kopeika. "A New Type of 10 GHz Receiver." 73. September. 
1978, pages 222 223 
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MORSE PAK-A 'iDECODER* 


all the features at the least cost 


• Auto speed acquisition 

• 16 character readout- 

crawling display 

• Speed range 5-75 WPM 

• Auto word space 

• Plugs into RCVR 

earphone jack 

• Industry's most 

sophisticated Morse 
demodulator with AGC 

• Attractive, professional 

enclosure 

• LED lock light 

^ Add S5.00 for shipping. 

NM residents add 4% sales tax. 
We accept Visa, Master Cards 


MORSE PAR, Inc. 


s 205 


ON 

Off 



morse pak A 



604 MARCELLA PL. NE 
ALBUQUERQUE, NM 87123 
505/293 3553 


Call or Write for Delivery or Quote 


KENWOOD TS-120S 



TALK BIG 

Get up to 6dB gain to your 
antenna and improve voice quality 
with the AE A MAGICOM low cost, high 
quality, RF speech processor. 

KENWOOD TS-820/820S $27.50 

KENWOOD TS-520/520S $42.50 

KENWOOD TS-120 $42.50 

DRAKE T-4XC $52.50 

DRAKE TR-7 $42.50 


MADISON 

ELECTRONICS SUPPLY, INC. 

isos mckinney • Houston, texas 77002 

713/6580268 


LEAVE A MESSAGE & WE LL CALL YOU BACK! 


Easy to install — No front 
panel or permanent modifications — 
Fully illustrated instructions 

For more details, or to place order, con¬ 
tact Advanced Electronic Applications. 
P.O. Box 2160. 

Lynnwood. 

Washington. 

98036. 

Telephone 
206/775-7373 
Add $2.00 for p j 

shipping and Brings yOU 1 

handling/r=ar\ breakthrouc 


More Details? CHECK-OFF Page94 




Brings you the 
breakthrough! 
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90-degree 

phase-shift network 

offers 2:1 bandwidth 


Differential 90-degree 
phase-shift network 
built with 
coaxial line sections 
provides wide 
operating bandwidth 

This brief note describes an easy-to-build network 
capable of providing 90-degree differential phase 
shift between two outputs. Over a 2:1 bandwidth the 
VSWR maximum is less than 1.2:1 and the deviation 
from quadrature phase is ±2 degrees. This network 
should find application in antenna feed configura¬ 
tions and other instances where extremely broad¬ 
band differential phase shift is not required. 

network description 

The phase-shift network is X/2 long at band center 
and is shunted at midpoint with an X/8 shorted stub 
and an X/8 open stub. For a 50-ohm system the char¬ 
acteristic impedance of the X/2 line and both stubs is 


31 ohms. A sketch of the circuit is shown in fig. 1. 
For clarity, balanced transmission is shown although 
actual realization most likely will be coaxial line. The 
other half of the differential phase shift network is 
3/4 X length of 50-ohm transmission line. The com¬ 
plete network is shown in fig. 2. 

The network in fig. 1 has a dispersive phase char¬ 
acteristic, which means that the phase shift through 
the network does not vary linearly with frequency. 
An equivalent circuit of a dispersive network is 
shown in fig. 3. The phase through the network is 
retarded below band center and is advanced above 
band center. At band center the parallel circuit is 
resonant and has no effect. In this manner, a con¬ 
stant 90-degree phase differential is maintained 
between the dispersive network and the 3/4 X trans¬ 
mission line for an octave bandwidth. Optimum 
impedance match for the network is achieved by 
using 31-ohm impedance line. 

Transmission line of 31-ohm impedance is not 
available unless specially made; however, a 30-ohm 
line can be realized by paralleling lengths of 50- and 
75-ohm line. Fig. 4 suggests one method you may 
use to build the circuit. ig. 5 a computed plot of 
VSWR versus frequency for the dispersive network 
made from 30-ohm transmission line. 

conclusions 

This note describes a simple 90-degree phase-shift 
network, which is easy to build from readily available 
materials and adequate for 2:1 bandwidths. In 
instances where only 2:1 bandwidths are required in 

By R.B. Wilds, K6ZV, 14633 Ambric Knolls 
Road, Saratoga, California 95070 
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STANDING WAVE RATIO 



SHORTED STUB 



OPEN STUB 



fig. 1. Phase-shift section. 

fig. 2. Complete phase-shift network. 

fig. 3. Equivalent circuit of phase-shift network. 

fig. 4. Construction details for phase-shift section. 

fig. 5. VSWR of dispersive phase-shift section. 

the rf range, this network is simpler than lattice net¬ 
works, which require baluns for use with coaxial line. 
Other transmission-line-type phase shifters, such as 
those described by Schiffman, 1 require coupled 
stripline or coaxial line sections and are applicable 
primarily for microwave frequencies. 

reference 

1. B.M, Schiffman, "A New Class of Broad-Band Microwave 90 degree 
Phase Shifers/' Transactions IEEEMTT, April, 1958, pages 232-237. 
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TOROID CORES 


CRYSTALS & KITS/OSCILLATORS • RF MIXERS • RF AMPLIFIER • POWER AMPLIFIER 


OX OSCILLATOR 

Crystal controlled transistor type. 3 to 20 MHz. OX-Lo. Cat. No. 
035100.20 to 60 MHz. OX-Hi, Cat. No. 035101. 

Specify when ordenng $5.74 ea. 


MXX-1 TRANSISTOR RF MIXER ! 

A single tuned circuit intended tor signal conversion in the 3 to 170 A 
MHz range. Harmonics of the OX or OF-1 oscillator are used for \J J 
injection in the 60 to 170 MHz range. 3 to 20 MHz, Lo Kit, Cat. No. f i 
035105. 20 to 170 MHz. Hi Kit. Cat. No 035106 4^ 
Specify when ordering $6.38 ea 


OF-1 OSCILLATOR 

Resistor capacitor circuit provides osc over a range of freq with 
the desired crystal. 2 to 22 MHz. OF-1 LO. Cat. No. 03H08.18 
to 60 MHz. OF-1 H Cat No. 035109. 

Specify when ordenng $4.93 ea. 


PAX-1 TRANSISTOR RF POWER AMP 

A single tuned output amplifier designed to follow the OX 
oscillator. Outputs up to 200 mw. depending on frequency 
and voltage Amplifier can be amplitude modulated 3 to 30 

MHz, Cat. No 035104 
Specify when ordenng $6.67 ea. 


SAX-1 TRANSISTOR RF AMP 

y A small signal amplifier to drive the MXX-1 Mixer, Single tuned 
f input and link output. 3 to 20 MHz. Lo Kit. Cat. No 03512. 20 to 
170 MHz. Hi Kit. Cat. No 035103 
Specify when ordenng $6.38 ea. 


BAX-1 BROADBAND AMP 

General purpose amplifier which may be used as a tuned or 
untuned unit in RF and audio applications. 20 Hz to 150 MHz 
with 6 to 30 db gain. Cat. No. 035107. 
Specify when ordering $6.67 ea 


.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS (HC 6 U Holder) 

Cat. No. Specifications 

031080'3 to 20 MHz — For use in OX OSC Lo $6.88 ea. 
031081 ‘20 to 60 MHz — For use in OX OSC Hi $6.88 ea. 
031300‘3 to 20 MHz —For use in OF-1 L OSC $5.74 ea. 
031310 ‘20 to 60 MHz — For use in OF-1H OSC $5.74 ea. 

'Specify when ordenng 


\J All the popular sizes and mixes. 

V Fast Service. Same day shipment 
via first class mail or air. 

V No minimum order. 

IRON POWDER TOROIDS: 




RF FERRITE TOROIDS: 


Chart shows uH per 100 turns 

FERRITE BEADS: 


DOZEN 

WIDE BAND CHOKES 


954 EACH 


TO ORDER: Specify both core size 
and mix for toroids. Packing and 
shipping 50 cents per order USA and 
Canada. Californians add 6% sales 


Stxppxig ana postage (inside U S Canada and Mexico onlyi win 
be prepaid by International Prices quoted tor U S Canada and 
Mexioo orders only Orders lor shipment to other countries wiH be 
quoted on request Address orders to M S Dept P O Box 34297 
Oklahoma City . Oklahoma 73132 


INTERNATIONAL CRYSTAL MFG. CO . INC 

10 North Lee Oklahoma City Okia 73102 


Fast service. Free brochure and 
winding chart on request. 


PALOMAR 


BOX 455, ESCONDIDO. CA 92025 
Phone: (714) 747 3343 
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Low Cost... High Performance 



Low cost high performance that s the DM-700 Unlike some 0 / the 
hobby grade DMMs available the DM-700 otters professional quality 
performance and appearance at a hobbyist price It features 26 
different ranges and 5 functions, all arranged in a convenient, easy to 
use format Measurements are displayed on a large 3’/» digit, V, inch 
high LED display with automatic decimal placement, automatic 
polarity, and overrange indication You can depend upon the 
DM-700 state-of-the-art components such as a precision laser 
trimmed resistor array semiconductor band gap reference, and 
reliable LSI circuitry insure lab quality performance for years to 
come Basic DC volts and ohms accuracy is 0.1%. and you can 
measure voltage all the way from 100 |iv to 1000 volts, current from 
0 1 |ja to 2 0 amps and resistance from 0 1 ohms to 20 megohms 
Overload protection is inherent in the design of the DM-700, 1250 
volts AC or DC on all ranges making it virtually goof proof Power is 
supplied by four C size cells, making the DM-700 portable and. as 
options a mead battery pack and AC adapter are available The 
DM-700 features a handsome jet black, rugged ABS case with 
convenient retractable tilt bail All factory wired units are covered by 
a one year limited warranty and kits have a 90 day parts warranty 
Order a DM-700. enamme it tor 10 days and if you re not satisifed 
in every way. return it in original form tor a prompt refund 

Specifications 

DC and AC volts 
DC and AC current 
Resistance 
Input protection 

Input impedance 
Display 
Accuracy 
Power 
Size 
Weight 


Prices 

0M 700 wired ♦ tested S99 95 

DM-700 kit form. 79 95 

AC adapter/charger 4 95 

Nicad pack with AC adapter/charger 19 95 

Probe kit 3 95 


100 /iV to 1000 Volts 5 ranges 

0 1 i.A lo 2 0 Amps 5 ranges 

0 lit to 20 megohms 6 ranges 

1250 volts AC DC all ranges luse protected 

for overcurrent 

10 megohms. DC AC volts 

3 < digits. 0 5 inch LED 
0 1% basic DC volts 

4 C cells, optional mead pack, or AC adapter 
6”W * 3"H x 6"D 

2 lbs with batteries 


money refunded. COO, add $1.50. Min¬ 
imum order $6 00 Orders under 
510.00, add $.75. Add 5% lor postage, 
insurance, handling Overaeae. add 
15%. NY resldentt. add 7% tas. 




The CT- 70 breaks the price barrier on lab quality frequency counters 
No longer do you have to settle lor a kit half-kit or poor performance 
the CT-70 is completely wired and tested features professional 
quality construction and specifications, plus is covered by a one year 
warranty Power for (he CT-70 is provided by four AA size batteries 
or 12 volts. AC or DC. available as options are a mead battery pack, 
and AC adapter Three selectable trequency ranges, each with its 
own pre-amp. enable you to make accurate measurements from less 
than 10 Hz to greater than 600 mHz All switches are conveniently 
located on the Iron! panel tor ease ol operation, and a single input 
lack eliminates the need to change cables as different ranges are 
selected Accurate readings are insured by the use ot a large 0 4 inch 
seven digit LED display, a 1 0 ppm TCXO time base and a handy LED 
gate light indicator 

The CT-70 is the answer to all your measurement needs, in the 
field, m the lab. or in the ham shack Order yours today, examine it tor 
10 days, it you re not completely satisfied, return the unit for a prompt 
and courteous refund 

Specifications 

Frequency range 
Sensitivity 

Stability 

Display 

Input protection 
Input impedance 

Power 
Gate 

Decimal point 
Size 
Weight 


Prices 

CT-70 wired + tested. $99.95 

CT-70 kit form. 75.95 

AC adapter. 4.95 

Nicad pack with AC adapter/charger 14.95 

Telescopic whip antenna. BNC plug . 7.95 

Tilt bail assembly . 3.95 


ramsB^j ;l : :in ii ;v 

BOX 4072, ROCHESTER, N.Y. 14610 
PHONE ORDERS CALL 
(716) 271-6487 




10 Hz to over 600 mHz 

less than 25 mv to 150 mHz 

less than 150 mv to 600 mHz 

1 0 ppm 20-40 C. 0 05 ppm C TCXO crystal 

time base 

7 digits. LED. 0 4 inch height 

50 VAC to 60 mHz. 10 VAC to 600 mHz 

1 megohm. 6 and 60 mHz ranges 50 ohms. 

600 mHz range 

4 A A cells 12 V AC DC 

0 1 sec and 1 0 sec LED gate light 

Automatic, all ranges 

5”W x 1 VH x 5VO 

1 lb with batteries 


More Details? CHECK OFF Page 94 
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Barry Electronics 


. . . Your One Source For Amateur Radio Gear 

Were Now Taking Orders for the COLLINS Pro-mark™ KWM-380 TRANSCEIVER 

& * All Solid-State • 100 Watts Output • Built-in AC/DC 

I • Fully Synthesized • No Bandswitching • Frequency Memory 

1*000 I • Microprocessor Frequency Control • Rate Selectable Tuning 

‘ ■ \ I • Famous Collins Quality — Write or call NOW! 


Barry is your Collins distributor in New York City 


YAESU - The New 

FT-707 WAYFARER 
Compact 80-10 transceiver 


We Also Stock 

AEA 
ALDA 
ANTENNA 
SPECIALISTS 
ATLAS 
B & W 
BIRD 

COMMUNICATIONS 

SPECIALISTS 


ROBOT — Amateur TV Gear 

DENTRON — Fantastic ClippertonL. 
Buy NOW - 

SPECIAL PRICE! 

ASTRON — 35-Watt Amplifiers 
In Stock! 


We have: 

• ANTENNAS FOR HF & UHF 

• ROTORS 

• TOWERS 

• REPEATERS 

• MICROPHONES 

• KEYS & KEYERS 

• TUBES and much, more 


COLLINS 

CUSHCRAFT 

DSI 

DENTRON 
DRAKE 
El MAC 
E-Z WAY 
HY-GAIN 
ICOM 


KDK 

KIM 

MFJ 

MIRAGE 

MOSLEY 

MURCH 

NEWTHONICS 

ROBOT 


ROHN 

SHURE 

STANDARD 

SWAN 

TEMPO 

TEN-TEC 

TRI-EX 

VHF 

ENGINEERING 


JUST CALL OR 
WRITE FOR THE 
BARRY PRICE: 
BETTLR STILL .. 
STOP INI! 

■ AOUlSE I 
1 HABLA I 
I ESPANOL ■ 




Ask about our Amateur Radio License Classes — Novice thru Extra! 


The Export Experts Invite Overseas orders — We Ship Worldwide 

DADDV ci c^TDAikTirc 5 12 Broadway.newyork.n.y. 10012 
DMnnl cLtLIKUiMlCd telephone( 212 ) 925-7000 


FAST SCAN ATV 


WHY GET ON FAST SCAN ATV? 

You can send broadcast quality video of home movies, video 
tapes, computer games, etc, at a cost that is less than sloscan. 
Really improves public service communications for parades, 
RACES, CAP searches, weather watch, etc. 

DX is about the same as 2 meter simplex — 15 to 100 miles. 







ALL IN ONE BOX 

TC-1 Transmitter/Conv 

Plug in camera, ant, mic and you are 

on the air.$399 ppd 


HITACHI HV-62 TV CAMERA 
High performance closed circuit 
camera just right for atv. with lens 
.$239 ppd 


PUT YOUR OWN SYSTEM TOGETHER 


Winter 

Operating 

Fun 

Ideas! 


80 METER DXING 

by John Devoldere, 0N4UN 

Going lor 5 Band DXCC or |ust looking lor a new DX cha lenge 7 This is pos 
(lively (he Iasi word on working 80 meter DX The author combines his 
many years ot 80 meier operalmg experience with that of others lo produce 
chapters on propagation antenna systems station equipment and inter¬ 
national operating practices peculiar to 80 — all in a handy scrapbook tor 
mat What are the best times to be on 7 What's the best antenna 7 You II 
tmd answers to these and many more 80 meter questions 80 pages 
©1978 

□ HR-80M Softbound $4.50 


TVC-1B CONVERTER tunes 420 
mhz down to ch 2 or 3 .. $49.50 ppd 

TXA5 EXCITER.$69 ppd 

PA5 10 WATT LINEAR . . $79 ppd 
FMA5 Audio Subcarrier . $24.50 ppd 

SEND FOR OUR CATALOG, WE HAVE IT ALL 

Modules for the builder, complete units for the operator, an ten nils, 
color cameras, repeaters, preamps, linears. video ider and clock, 
and more. 19 years in ATV. 

Call 213—447-4565 5-6 pm ur time 


J I 

e3 


P.C. ELECTRONICS 


Maryann 

WB6YSS 


2522 PAXSON 
ARCADIA. CA 91006 


Tom 

W60RG 


THE CHALLENGE OF 160! 

by Si Dunn 

The unique operating and propagation characteristics m the 160 meter 
band are examined plus details on constructing simple equipment anten 
has. transmitting and receiving gear 54 pages -1977 

□ ST-160 Softbound $4.95 


CALL TODAY 1 (800) 258-5353 

Ham Radio’s Bookstore 

Greenville, NH 03048 

Please add $1 lor shipping. 
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SPECTRONICS , INC. 

1009 Garfield St., Oak Park, lltlnola • 60304 

( 312 ) 848-6777 


OUR BEST-SELLING MULTI-BAND! 


2 METER ANTENNAS at 
BARGAIN PRICES!! 



OMdpiMD 

AS LOW AS 

$73 75 


75/40 Meter 


• One halt the length of conventional halt wave dipoles 

• Multi band Multi frequency 

• Maximum efficiency — no traps loading coils or stuDs 

• Fully assembled and pre-tuned — no measuring no cutting 

• All weather rated — 1 KW AM 2 5 KW CW or PEP SSB 

• Proven performance — more than to 000 have been delivered 

• Permit use of the full capabilities of today s 5 band xcvrs 

• One feedline for operation on all bands 

40*1 OHD/A 40/20/15/10 Mtrs (36).$73.75 

80-40HD/A 80/40 Mtr bands (69).77.25 

75/40HD/A 75/40 Mtr bands (66).73.75 

75-10HD/A 75/40/20/15/10 Mtr (66).89.95 

80-1 OH D/A 80/40/20/15/10 Mtr (69).94.95 





tf it’s the ultimate in paddles you’re looking for 
may we recommend the Bencher. It’s simply the 
nicest one we’ve seen yet. 

BY1 paddle w/black base .$39.95 

BY1 Deluxe model w/chrome base. 49.95 



SWL ANTENNAS 


MOSLEY SWL-7 
DIPOLE 


i 



For 1 1,13,16.19,15. 
31, & 49 meters An 
inexpensive horizon 
tal dipole with 8 pre 
tuned weatherproot 
trap assemblies that 
are the key to the 
SWL-7's amazing 
broadband cover¬ 
age Complete kit 
w/instr. 

s 49. 95 


s 84 .’ 


Please add $2.50 each for shipping 

Please add $2.00 each for shipping 
unless otherwise noted. 
(Continental U.S.A.) 



MOSLEY SWV-7 
VERTICAL 


For 11,13.16.19.25. 
31, & 49 meters 6 
specially designed 
traps all housed *n 
single weatherproof 
phenolic housing for 
top DX reception 
Designed lor roof or 
ground mount & 
swaged tor maxi¬ 
mum resistance to 
wend vibration Few 
verticals can match 
it for SWL fun on{y 


PANASONIC “COMMAND" SERIES 

RF-2200 ^ 

BF 2200 I BAND AM/FM, 

SW freqs from 3 9 to 28 
MHz Double super her 
erodyne Precise calf 
brated tuning to 10 kHz 
Double-check xtai marker a 
at 500 kHz and 125 kHz I 

RF gam control lor AM/SW I 
BFO switch for SSB 4 SW I 
Plus many more features I 
such as ext lacks for AC I L,ST NOW 

ant , 4 spkr Big radio I H Thm > ONLY I 

features at low price I 4 *" ( iQQ5 

Plua*2 *0 Shipping ^ f ) * I J 


RF 2900 

RF 2900 DIGITAL AM/FM 
SW trQm 3 2 to 30 MHz 
5 digit LED display 
reads all bands Double 
superheterodyne t'L cir¬ 
cuitry FM AFC 4 wide/ 
narrow bandwidth control 
Fast/Slow tuning 
Built m AM ant Tele 
SCOpmg whip tor AWSW 
BFO pitch control *or 
SSB/CW And much 

much more for the price 

Plua S3 .SO Shipping 


RF-4900 

FULL SW H 

COVERAGE 1 

FROM 16 to 31 
MHz. ALL 
DIGITAL piu. 

SS 00 

Shipping 


RF-4900 DIGITAL AM/FM. SW coverage from 1 6 lo 31 MHz 
• Full digital readout on alt bands • 5 digit fluorescent 
readout • Premix double superheterodyne • Fast/slow tun 
mg • AFC on FM Narrow wide selectivity switch for 
AM/SW • BPO Pitch control • Calibration control • ANL 
Switch for AM • FET RF circuit • RF Gam control • Inc 
ants for FM 4 SW and more 

IMPROVE YOUR 

RECEPTION WITH I; Vfi- T 

AN AMECO ALL U i ■§ 

BAND PREAMP! I v HS’ A/ ■ 

• 6-160 Meters I e - —... — C.:v. ^ 

•20+ 08 Gam | ^ <5 €& w 

• Low Price 

MODEL PLF-2 Improves weak signals as wen as image 
and spurious repection ot most receivers Direct switching 
to fee o f preamp includes pwr supp 117 VAC wired 4 
tested pp4 *49.95 


I LIST >\ now ^ 

< *249"®- 



/ t,sr < 

1499 *>-} 


. s 439 9S j 


3 db GAIN 
MAGNETIC MOUNT 

NEW! only 

Modal M7 SI 9.^ 

Wt. 2.5 lb«. 


UNT | 


An economical alternative to drilling a hole. 
A magnetic antenna by a name you can 
trust at a low, low price. 

Modal 286 Same but trunk lid.$15.95 

NEW from f?IMCO 

2.6 dbd GAIN 

BASE ANTENNA 


$ 9 ** 


Modal A2-QP 
Wt. 2 lbs. 


At last! An inexpensive, omni directional, 
144-148 MHz, 1/2 wave antenna. Fits 1 Vi” 
mast, 50 ohm imp. A good antenna at a very 
affordable price. 

41 V from 


nEW 1 rf( avaiWV antennas 


ON GLASS MOBILE ANTENNAS 

Modern technology lets you mount a mobile 
antenna right on the window. Ideal for 
tough installations. 3 models available 

AH151.3G 144-174 MHz, 3 db gn.... $33.95 

AH220.3G 220 MHz, 3 db gn.33.95 

AH450.5G 406-512 MHz, 5 db gn.36.95 





Write For 
FREE 

Equipment 

Catalog 
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GREGORY ELECTRONICS 

The FM Used 
Equipment People. 


New! 


i s/a. ■ w hi i 

ALL SOLID STATE 
with Ni-Cad Battery 

New Low Price 

$ 138 . 

Vehicular Charger 4EP63A tsoid only with unit) $25. 


GREGORY ELECTRONICS CORP. 


Twice as 
much for less. 


HR-LB Herr Itn o(j hoo* • y 
one i*. talking about T his new otter 
inq t<oni HRB is f«lt superior to .iny 
other loq available today' With over 
? 000 entries you have twice as 
much space tor less cost m conipan 
son to its nearest competitor There 
ate 80 buj (8 x 11» panes 3(1 
entries per paqe tor an easy count 
tlunnq coniests a frequency spec 
tuim chart tuMStgn prefixes and 
much more This is unquestionably 
the best log boo^ value anywhere 
80 paq«* k . tq/8 Spiralbound 


$ 1.75 


245 Rt. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 


Send check, money order or credit 
card information plus $1.00 shipping to: 

Ham Radio’s Bookstore 

Greenville, NH 03048 


Telemetry Communications 6 Instrumentation. Corp 

ll Oui all new TVRO Satellite Receivei Look lor 
jKX out ad in March B 
yr^' For FREE information X data sheet call or 
write 

TCI Corp 4tt h BuctiananCircle*3 
Pacheco. CA 94553 
«41S) 676-6107 


MILITARY SURPLUS 
WANTED 

Highest prices ever on recent U S Military sur 
plus especially on Collins equipment or parts We 
pay treiqht Call collect lor high otter (201 1 440 
8787 3f> Ruta Court S Hackensack NJ 07606 

SPACE ELECTRONICS CO. 


SAVE ON ALL 
TRANSVERTERS & AMPS 


M & M has the Items listed below for 
prices go up at the first ot the year 

TRANSVERTERS 

23 cm 2W out 28 MHz in 

SOTA $499.95 

23 cm 2W out 144 MHz in 

SOTA 5499 95 I 

70 cm 15 W out 28 MHz in ' 

SOTA . $424.95 

CONVERTERS 

23 cm 28 MHz IF 3 dB NF 
SOTA $14995 

23 cm 144 MHz IF 3 dB NF 
SOTA $149 95 

70 cm 28 MHz IF 2 dB NF 
SOTA $12495 

70 cm OSCARBOX J' 

LUNAR $124.95 

Year end close out 
KR-500 elevation rotors 
$150.00 


Immediate delivery. Call tor quote now before 


POWER AMPLIFIERS 

23 cm 50W output AC Supply 
SOTA $699 95 

70 cm 50W output AC Supply 
SOTA $49995 

70 cm 50W out 12 5V(MML 432/50) 
MMW $369 95 

220 S 144 MHz power amps also 
LUNAR call lot quote 

ANTENNAE 

23 cm 28 el Loop Yagi 
SI $59.95 

70 cm 19 el Yagi 

RIW $5995 

1 3 m 11 el Yagi (220 & 223 models) 

NMT $54 95 

2 m 11 el Yagi (144 & 146 models) 

NMT $59.95 


MAM RF distributors 

■ PO Box 82183 • San Diego CA 92138 

’ ‘ ™ Knrt7 St Snitp 4 • San Dipnn CA 92110 


FV';- \V 

: 

**t*f*\ x I 

S0i0 


2785 Kurtz St. Suite 4 • San Diego CA 92110 
Call (714) 299-9741 
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DA WA 


DAIWA 


Now These CORPORATION 

Communications Essentials 



RF-440 


CN-720 



■H 

/ CN-620 


SWR & Power Meters 

Models CN-720, CN-620 and CN-630 

Simultaneous direcl reading SWR. 

Forward Power and Rellecled Power 
Tolerance all units 1 10% lull scale 
Connectors SO-239 
CN-720 and CN-620 
Frequency Range 1 8—150 MHz 
SWR Detection Sensitivity 5 Watts min 
Power 3 Ranges (Forward. 20/200/1000 Watts) 
(Rellected. 4/40/200 Watts) 

CN-630 

Frequency Range 140—450 MHz 
Power 2 Ranges (Forward 20/200 Watts) 
(Rellected 4/40 Watts) 


CN-630 




(1 


RF-660 


Available from these authorized distributors... 


RF Speech Processor 
Models RF-440 & RF-660 

Increases talk power with splatter tree 
operation RF clipping assures low distortion 

Simply install between microphone and 
transmitter. 

Talk Power Better than 6 dB 
Frequency Response 300-3000 Hz at 12 dB down 
Distortion Less than 3% at 1 kHz. 20 dB clipping 
Power Requirement RF-440 sell contained 
AC power supply RF-66013 5V DC external supply 

Coaxial Switches 

2 Position/Model CS-201 
4 Posilion/Model CS-401 
Professionally engineered cavity construction 
Power Rating 2 5 kW PEP. 1 kW CW 
Impedance 50 Ohms 
Connectors SO-239 
Insertion Loss Less than 2 dB 
VSWR 1:12 

Maximum Frequency 500 MHz 
Isolation Better than 50 dB at 300 MHz. 
better than 45 dB at 450 MHz. 
adjacent terminal 
Unused Terminals grounded 


ARIZONA 

Kryder Electronics 
Phoenix (602)249-3739 
CALIFORNIA 
Ham Radio Outlet 
Anaheim (714» 761-3033 
Hemy Radio Company 
Ana*»6imi7l4i 772-9200 
Ham Radio Outlet 
Bui lingame (415) 342-5757 
Henry Radio Company 
Los Angeles (213) 477-6701 
Tower Electronics 
Mission Viejo (714) 768-8900 
U-do Election ics 
Mountain View (415) 968-8894 
ZaMVSacramento 
Saciamento(916) 446-3131 
Ham Radio Outlet 
San Diego (714) 560-4900 
Omega Radio 4 Electronics 
San Diego (714)578-3324 
Western Radio 
San Diego(714)239-0361 
Ouement Electronics Inc 
San Jose (408) 998-5900 
Wescom Engineering 
San Marcos(7l4) 744-0700 
HEMEC 

Santa Barbaia (805) 963-3765 

Ham Radio Outlet 

Van Nuys (213) 988-2212 

COLORADO 

CW Electronics 

Denver (303) 893-5525 

CONNECTICUT 

Thomas Communications 

Newington (203) 667-0811 

DELAWARE 

Delaware Amaleur Supply 
NnwCaslle 13021328-7728 
Amateur & Advanced Communications 
Wilmington (302) 478-2757 

FLORIDA 

Hialeah Communications 
H.aieah (305) 887-5936 
Quad Electronics 
Pensacola (904) 438-3319 
GEORGIA 
Ack Radio Supply 
Atlanta (404) 351-634U 
HAWAII 

Honolulu fcleclronics 
Honolulu (808) 949-5564 

IDAHO 

Ross Dislnbulmg Company 
P*e .ion (208) 852-0830 


ILLINOIS 

E nckson Communications 
Chicago (312)631-5181 
Tn-Slale Electronics Coip 
Mount Prospect (312)255-0600 
Spec ironies Inc 
Oak Park(312) 848-6778 

INDIANA 

The Ham Snack 
Evansville (8121422-0231 
Calumet Electronics 
Gary (219)887 4961 
Graham Eleclronics 
Indianapolis (317) 634-8202 
Rodefeid Company Inc 
Richmond (317) 966-3505 
IOWA 

Mid-Slate Dislnouung 
Des Momes (515) 244- 7231 

KANSAS 

Associated Radio Communications 

Overland Park (913) 381 5900 

Electronics Inc 

Salina (913) TA 7 7377 

Radio Supply 

Sauna (913) 823-6353 

Amaleur Radio Supply 

Wichita (316) 264-9166 

MARYLAND 

CommCeniei 

Laurel (301) 792-0600 

MASSACHUSETTS 

You-do-ii Electronics 

Needham (617) 449-1005 

Tulls Radio & Electronics 

Medlord(6l7> 395-8280 

MICHIGAN 

Purchase Radio Supply 

Ann AiDO! (313) NO 8-8696 

Radio Supply & Engineer mg 

Detroil (313) 435-5660 

Radio Paris Inc 

Grand Rap*ds (616) 459-0247 

MINNESOTA 

Norttrwes! Radio 

Duluth (218) 727 1565 

MISSOURI 

Ham Radio Center 

St Louis (314)993-6060 

NEVADA 

Communicalions Center West 
Las Vegas (702) €>4 7-3114 
NEW JERSEY 
CH Electronics Distributing 
C lit ton (201 1 4 78-9700 
Route Elec I ionics 46 
Totowa (201) 256-8555 


NEW YORK 

Genesee Radio & Paits 

Buffalo (716) 873-9661 

Harrison RadioCorp 

Farrnmgdale (516) 293 7990 

B C Communications Inc 

Huntington Station (516) 549-8833 

Barry Eleclronics 

New York (212) WA 5 7000 

Ha»vey Radio 

New York (212) 575-5200 

S & S Accessories & Paris 

New York (212) 354 5889 

T & M Electronic Supply 

Patchogue (516) 289-2520 

Radio World 

Onskanv (315) 337 2622 

Harrison Radio Corp 

Valley Stream (516) 872-9565 

OHIO 

Universal Amaleur Radio 
Reynoldsburg (614) 866-4267 
Srepco Electronics 
Daylon (513)224-0871 

OKLAHOMA 

Radio Inc 

Tulsa (918)587-9123 
Kryder Eleclronics 
Oklahoma City (405) 789 1951 

OREGON 

Pomand Radio Supply 
Portland (503) 228-8647 
Portland Radio Supply 
Med(ord(503) 773 5815 
PENNSYLVANIA 
Trevose Mamtromcs 
Trevose (215)357 1400 
Ham Buerger Inc 
Willow Grove 1215) 659-5900 
TENNESSEE 
Amaleur Radio Supply 
Madison (615) 868-4956 
Germantown Amateui Supply 
Memphis (901) 452-42 76 


TEXAS 

Wholesale Eleclronics Supply 

Austin (512) 4 78-9568 

Douglas Electronics 

Corpus Chnsli (512) 883-5103 

AGL Electronics 

Dallas (214) 699-1081 

Amateur & Commercial Electronics 

Fori Worth (817)292-3371 

Hardin Eiectionics 

Fort Worth (817) 429-9761 

Etecliote* 

Houston (713) 526-3456 
Madison Elec Ironic D>stnbuto«s 
Houston (713) 6580268 
Space Radio Supply 
Houston (713) 688 4594 
Appliance $ Equipnwnt Company 
San Anlor iio(512) 7330334 
UTAH 

Ballard Supply 

Sait Lake City ( 801 ) 9/2-2430 

VIRGINIA 

EE8 

Vienna (703) 938-3350 

WASHINGTON 

ABC Communicalions 
Seattle (206) 364-8300 
Amateur Radio Supply 
Seattle (206) 767 322? 

Consumer Communications 

Seattle (206) 784-7337 

WISCONSIN 

Amateur Electronic Supply 

Milwaukee (4t4i 442-4200 

CANADA 

Ham Radio Atlantic 

St John NB (506)652-5753 

Comm/Plus 

St-Laurent. Quebec (514)337-7255 


Exclusive USA agent (or these units; inquiries invited. 

Write lor iiieraiure 

J.W. Miller Division 

BELL INDUSTRIES 


19070 REYES AVE BPO BOX 5825 
COMPTON. CALIFORNIA 90224 
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comments 

(Continued from page 6) 


U4) to the top end of diode CR5 near 
the lower right hand corner of U13. 
Reconnect the clock control lead to 
either end of this new jumper. Finally, 
cut away a short segment of the foil 
to open the path between U13 pin 10 
and CR5. 

The effect of these changes is to 
delay the buildup at U13B pin 10 of 
the high on the clock control line until 
U3B has time to take U13B pin 9 low. 
The resistor and capacitor values are 
not too critical, and if this doesn't 
cure the click completely, try a slight¬ 
ly higher resistor value (up to about 
270 ohms). 

Robert C. Cheek, W3VT 
Tokyo, Japan 

split-band 
speech processing 



Dear HR: 

This note is prompted by Wes 
Stewart's article in ham radio for 
September, 1979, which I liked very 
much for his understanding of the 
subject and the unmasking of some 
of its secrets. However, there are a 
couple of points which can stand clar¬ 
ification; they have been alluded to in 
the original article describing the 
process (Fisk, ham radio June, 1976) 
but not discussed in detail. 

The first thing I noticed in 
Stewart's design is the measured dis¬ 
tortion, which is about twice as high 
as that of the Vomax unit by Max¬ 
imilian Associates. The detrimental 


effect of distortion on the processing 
gain has received considerable atten¬ 
tion in both my own (ham radio 
February, 1971) and Fisk's article; 
Stewart's design will probably show 2 
dB less talk power gain than the com¬ 
mercial device, for which 10 dB is 
claimed. Explanations of the causes 
of distortion are a little tedious, but 
not really difficult. 

Stewart's band splitting filters have 
a Qof 1.84; in contrast, the Vomax 
design value is 2.5, with the same 
passband ripple and slight reduction 
in overall bandwidth. I shall try to 
demonstrate the importance of the 
higher Q value. For a hard-clipped 
signal near the center of a band, the 
third harmonic distortion in that band 
due to finite filtering is 5 per cent for 
Vomax, 7 per cent for Stewart's 
design. The difference is not very sig¬ 
nificant. For frequencies above the 
filter peak, the numbers are essential¬ 
ly the same. 

Unfortunately, the situation is very 
much worse for signals below the 
peak frequency of a particular band. 
Imagine a signal near the peak of one 
band, but below the peak of the next 
higher band by a factor of 1.73 (>7317 
If this signal is distorted (clipped), 
there will be no filtering as the third 
harmonic falls above the band peak 
by the same factor. If there is to be 
no distortion, then the maximum clip¬ 
ping must be held to whatever re¬ 
sponse is provided by a tuned circuit 
which is off-resonance by a factor of 
1.73; this is 9.5 dB and 6.8 dB respec¬ 
tively for the Vomax and Stewart de¬ 
signs. Fortunately, this signal compo¬ 
nent amplitude is down by the same 
amount when combined with the 
lower band output, so that some dis¬ 
tortion, i.e., clipping, is permissible. 

For a total distortion limit of 10 per 
cent, this number is 2.5 dB, giving a 
total of 12 dB for Vomax and prob¬ 
ably about 1 dB for a total of 8 dB for 
Stewart's circuit. Conversely, for the 
same amount of clipping, the lower Q 
design will produce higher distortion, 
approximately proportional to the 


square of the Q ratio. Obviously the 
higher the Q, the lower the distortion; 
this can be obtained within our de¬ 
sign restraints, however, only by a 
smaller total bandwidth, higher pass- 
band ripple, or both. This distortion 
of signals below the peak frequency 
of a band increases rapidly with am¬ 
plitude above a specific level, so that 
an effective age of the preamplifier is 
an absolute necessity. For the perfec¬ 
tionist, I would suggest a design in¬ 
corporating six or more bands permit¬ 
ting the use of higher Q filters for 
reduced distortion. 

If I have one criticism of Stewart's 
article, it is his lack of concern for the 
input amplifier. The low-cost SL1626 
1C is a loose-tolerance device with 
output level variations between 
samples of more than 8 dB. This ne¬ 
cessitates individual calibration of the 
clipping level control for each assem¬ 
bly. Even worse is the effect of its 
output distortion, stated as 2 per cent 
typical with no maximum specified, 
on the performance of the processor. 

Any distortion produced ahead of 
the processing circuitry will be magni¬ 
fied; i.e., the processor acts as a dis¬ 
tortion enhancer. Imagine a signal 
near the center of the lowest band; if 
it contains second and third harmonic 
distortion, these individual compo¬ 
nents will appear near the centers or 
peaks of the second and third bands. 
With 14 dB clipping in the lowest 
band, the distortion components will 
be amplified by the same amount, or 
five times! Therefore, 2 per cent dis¬ 
tortion in the input amplifier will show 
up as 10 per cent added to the proc¬ 
essing distortion in the output com¬ 
biner. While developing the final 
design for the Vomax unit, I investi¬ 
gated a number of available inte¬ 
grated circuits for use as input ampli¬ 
fiers with age. I was unable to find 
one with acceptably low distortion 
(0.5 per cent), so resorted to the cir¬ 
cuit implementation with discreet 
components. 

To summarize, split-band process¬ 
ing, while an acknowledged valuable 
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and effective technique, poses a 
number of design problems, which 
require careful attention to detail. 

Walter Schreuer 
Maximilian Associates 
Swampscott, Massachusetts 

/ have studied Mr. Schreuer's com¬ 
ments, and with the exception of a 
couple of minor points, / find myself 
in agreement with them. Our major 
difference seems to be our different 
design goals. Mr. Schreuer's goal 
was a high quality, high performance, 
high cost commercial product; my 
goal was the design of a unit possess¬ 
ing similar characteristics that could 
be built by the average ham who 
could not or would not spend nearly 
$200 for the Vomax. 

As mentioned in the opening para¬ 
graph of my article, the price paid for 
increased performance is increased 
complexity and cost. Even Mr. 
Schreuer agrees that to approach 
perfection the design would require 
six or more bands. Obviously, we 
must stop somewhere. Mr. Schreuer 
and / seem to disagree only on where 
to stop. 

Higher Q filters can offer lower dis¬ 
tortion; however, / feel that higher 
precision components should then be 
used in the active filters and summing 
amplifier. While / personally have 
access to precision parts, / felt the 
average home builder would have 
trouble finding them and designed 
accordingly. Complete design data 
was given in the text and appendices 
for those wishing to try design im¬ 
provements and the experimenter is 
encouraged to do so. 

/ must add that Mr. Schreuer took 
the liberty of comparing the results of 
using higher Q using my center fre¬ 
quencies. If we compare results using 
a (l of 2.5 and the center frequencies 
used in the Vomax, the off-resonance 
attenuation computes to -8.4 dB, 
not the -9.5 dB claimed by Mr. 
Schreuer; a small point to be sure but 
perhaps worth mentioning. 

Regarding the SL1626, the toler¬ 


ance on output level is only 6 dB, not 
the over 8 dB claimed by Mr. Schreuer. 
Except in a production environment, 
this is not a big problem. Mr. 
Schreuer raises a good point regard¬ 
ing the distortion characteristics. Per¬ 
haps he could share his expert knowl¬ 
edge in this area with those who wish 
to go to the increased complexity of 
the discreet circuit. 

In summary, / feel the design / pre¬ 
sented in the September issue fills a 
need for an easily reproduced, inex¬ 
pensive speech processor that 
delivers more performance enhance¬ 
ment for dollars spent than any¬ 
thing other than perhaps antenna 
improvements. 

Wes Stewart, N7WS 
Tucson, Arizona 


talking clock 



Dear HR: 

The diagram of the Talking Clock 
addition in October, 1979, ham radio 
has an error: the leads connecting to 
pins 10 and 11 of the 74157 should be 
interchanged. 

The Talking Readout described in 
the June, 1979, issue was described 
as it was interfaced to the Spectron- 
ics DD-1, which I understand is no 
longer in production. However, I 
have successfully interfaced the unit 
with the Kenwood DG-1, intended for 
use with the Kenwood 520S. Since 
the article was published, the multi¬ 
plexer portion of the circuit has been 
made available on a separate board. 


which can be inserted into the DG-1, 
reducing the interconnection to 
about nine leads rather than thirty, as 
multiplexing is done in situ. The BCD 
data is accessed as it enters the six 
7454s. Since this is latched or stored 
data, no gating is required, so pin 4 of 
the 7454 of the talking digital readout 
control board may be tied to + 5 
volts. 

Similarly, the Yaesu ZD-1 external 
readout for the FT101-Z should be 
readily interfaced; BCD data for each 
digit exist at pins 5, 10, 2, 12, of the 
six 74LS196s. Gating should be re¬ 
quired but is available at Q01, which 
drives the LED cathodes. 

Interfacing to other transceivers 
may be complicated by the increasing 
use of seven-segment counter out¬ 
puts from counters. When I have lo¬ 
cated a suitable seven-segment to 
BCD decoder, such as the 74C915, a 
redesign will be undertaken. 

I would be happy to answer any 
correspondence regarding either arti¬ 
cle from readers who include an 
SASE. Inquiries related to other trans¬ 
ceivers should include a detailed dia¬ 
gram of the digital readout portion. 

Ray Brandt. N9KV 
Janesville, Wisconsin 

Dear HR: 

I would like to express my appreci¬ 
ation for your series of articles on 
"Digital Techniques"; it expanded 
my knowledge of digital devices con 
siderably. I hope that this series is 
continued, and I would like to see 
these articles expanded into the more 
complex integrated circuits used in 
microprocessors. Understanding the 
MCS6522 and MCS6530 would be 
typical. 

I subscribe to ham radio not for the 
straight Amateur Radio articles but 
for articles on things like the phase- 
lock loop, power supplies, counters, 
operational amplifiers, and other 
technical subjects. 

Keep up the good work. 

IMorbert K. Fox 
Guttenberg. Iowa 
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IAMBIC 

BIDDLE 


WRITE FOR LITERATURE 

Bencbojnc, 

333 W Lake Street, Dept A 
Chicago. Illinois 60606 •(312)263-1808 


• Full range of adjustment in 
tension and contact spacing 

• Selt-adjusting nylon and steel 
needle bearings. 

• Solid silver contact points 

• Polished lucite paddles 

• Precision-machined, chrome 
plated brass frames 

• Standard model has black, 
textured finish base, deluxe 
model is chrome plated 

• Heavy steel base; non-skid feet 

Available at selected dealers or 
send $39.95 ($49 95 for chrome 
model) plus $2 00 shipping and 
handling Overseas amateurs 
invited to request quotation for air 
parcel post shipment 


DEMERS UinniED 


a TOWERS 

by ALUMA 

HIGHEST QUALITY 

60Fi»i U mim,» ALUMINUM 

Crmk Up CTCCI 

Model T BOH S STEEL 


NEW! fsotron Antennas 
THE ULTIMATE SPACESAVER 


40 Steel 
Crank Up 
Model SHO40 


I I 

M 

f 

iti 


★TELESCOPING (CRANK UP) 

★ GUYED (Stack-up) 

★ TILT-OVER MODELS 

Easy to install. Low Prices. 

Crank-ups to 100 It. 


EXCELLENT FOR 
HAM COMMUNICATIONS 


SPECIAL 

Four Section SO Ft. 
Van Mounted Crank-Up 
Aluma Totwr 


Over 36 types aluminum 
and steel towers made- 
specials designed and 
made—write for details 


80 Meters 
4 Vi ft. 

8 lbs. 
110kHz 
501! coax 
54.95 


Length 

Weight 

B.W. 

Feed 

Price 


40 Meters 

3 It. 

4 lbs. 

250 kHz 
501! coax 
44.95 


Needs no radials or matching de¬ 
vices! B.W. is within 2:1 S.W.R. Excel¬ 
lent for all amateur uses. Call or write: 

BILAL COMPANY 

Star Route 

Florissant, Colo. 80816 
Phone:(303)687-3219 


F E T included 


FACSIMILE 


COPY SATELLITE PHOTOS. 
WEATHER MAPS. PRESS! 

The Faxs Are Clear — on our full size (18-1/2" 
wide) recorders Free Fax Guide 


TELETYPE 


RTTY MACHINES, PARTS, SUPPLIES 


ATLANTIC SURPLUS SALES |2!2| 372 0349 

3730 NAUTILUS AVE BROOKLYN NY 11224 


ALUMA TOWER CO. 

Bo» 2806 HR 

VERO BEACH. FLA 32960 
PHONE (305) 567-3423 

TELEX 60-3405 _ 


1980 1 

Radio jJtk 

Amateur 

Callbook 

Don’t be one of those who wans 
until the year is half over to buy a 
new callbook. Invest in a callbook 
today and get a full year's use out 
of your purchase. Crammed full of 
the latest addresses and QS1 infor¬ 
mation. 

You’ll find: 

Boldface calls, names and addresses 
for every licensed Amateur in iheU.S. 

( B US Softbound $16.95 

The 
Foreign 
" Callbook 

DXing is a real joy, but it’s even 
better when you get back QSI 
cards from the countries you've 
worked. The most important tool in 
gelling those caids is to have a 
copy of the 1980 Foreign Callbook 
on your operating table Stations 
are listed by country, call, name 
and address in bold, easy-to-read 
type. CB-f Softbound $15.95 

Please include SI 75 additional shipping for 
I each ( allhook ordered 

HAM RADIO'S 
BOOKSTORE 

GREENVIL LE, N. H. 03048 
i (800) 258-5353 



















STEREO BREAKTHROUGH 



Bone 

Fone 

A new concept in sound technology 
may revolutionize the way we 
listen to stereo music. 


The Bone Fone surrounds your entire body 
with a sound almost impossible to imagine. 


You're standing in an open field. Suddenly 
there's music from all directions. Your bones 
resonate as if you're listening to beautiful 
stereo music in front of a powerful home stereo 
system. 

But there's no radio in sight and nobody else 
hears what you do. It's an unbelievable 
experience that will send chills through your 
body when you first hear it. 

AROUND YOU 

And nobody will know you're listening to a 
stereo. The entire sound system is actually 
draped around you like a scarf and can be 
hidden under a jacket or worn over clothes. 

The Bone Fone is actually an AM/FM stereo 
multiplex radio with its speakers located near 
your ears. When you tune in a stereo station, 
you get the same stereo separation you'd 
expect from earphones but without the bulk 
and inconvenience. And you also get some¬ 
thing you won't expect. 

INNER EAR BONES 

The sound will also resonate through your 
bones all the way to the sensitive bones of 
your inner ear. It's like feeling the vibrations of 
a powerful stereo system or sitting in the first 
row listening to a symphony orchestra -it's 
breathtaking. 

Now you can listen to beautiful stereo music 
everywhere-not just in your living room. 
Imagine walking your dog to beautiful stereo 
music or roller skating to a strong disco beat 

You can ride a bicycle or motorcycle, jog 
and even do headstands the Bone Fone 
stays on no matter what the activity The Bone 
Fone stereo brings beautiful music and con¬ 
venience to every indoor and outdoor activity 
without disturbing those around you and with¬ 
out anything covering your ear 

SKI INVENTION 

The Bone Fone was invented by an 
engineer who liked to ski. Every lime he took a 
long lift ride, he noticed other skiers carrying 
transistor radios and cassette players and 
wondered if there was a better way fo keep 
your hands free and listen to stereo music. 

So he invented the Bone Fone stereo When 
he put it around his neck, he couldn't believe 
his ears. He was not only hearing the music 

More Details? CHECK-OFF Page94 


and stereo separation, but the sound was 
resonating through his bones giving him the 
sensation of standing in front of a powerful 
stereo system 

AWARDED PATENT 

The inventor took his invention to a friend 
who also tried it on. His friend couldn't believe 
what he heard and at first thought someone 
was playing a trick on him. 

The inventor was awarded a patent for his 
idea and brought it to JS&A. We look the idea 
and our engineers produced a very sensitive 
yet powerful AM/FM multiplex radio called the 
Bone Fone. 

The entire battery-powered system is self- 
contained and uses four integrated circuits 
and two ceramic filters for high station select¬ 
ivity. The Bone Fone weighs only 15 ounces, 
so when worn over your shoulders, the weight 
is not even a factor. 

BUILT TO TAKE IT 

The Bone Fone was built to take abuse. The 
large 70 millimeter speakers are protected in 
flexible water and crush resistant cases. The 
case that houses the radio itself is made of 
rugged ABS plastic with a special reinforce¬ 
ment system We knew that the Bone Fone 
stereo may take a great deal of abuse so we 
designed it with the quality needed to with¬ 
stand the worst treatment 

The Bone Fone stereo is covered with a 
sleeve made of Lycra Spandex - the same 
material used to make expensive swim suits, 
so it's easily washable You simply remove the 
sleeve, dip it in soapy water, rinse and let the 
sleeve dry. It's just that easy The entire 
system is also protected against damage from 
moisture and sweat making it ideal for jogging 
or bicycling. 

The sleeve comes in brilliant Bone Fone 
blue-a color designed especially for the 
system. An optional set of four sleeves in 
orange, red. green and black is also available 
for $ 10. You can design your own sleeve using 
the pattern supplied free with the optional kit. 

YOUR OWN SPACE 

Several people could be in a car. each tuned 
to his own program or bring the Bone Fone lo a 
ball game for the play by play. Cyclists, 


pggers. roller skaters, sports fans, golfers, 
housewives, executives-everybody can find 
a use for the Bone Fone. It's the perfect gift 
Why not order one on our free trial program 
and let your entire family try it out? Use it 
outdoors, while you drive, at ball games or 
while you golf. |og or walk the dog But most 
important compare the Bone Fone with your 
expensive home stereo system. Only then will 
you fully appreciate the major breakthrough 
this product represents. 

GET ONE SOON 

To order your Bone Fone. simply send your 
check or money order for $69.95 plus $2.50 
postage and handling to the address shown 
below. (Illinois residents add 5% sales tax.) 
Credit card buyers may call our toll-free 
number below. Add $10 if you wish to also 
receive the accessory pack of four additional 
sleeves. 

We ll send you the entire Bone Fone stereo 
complete with four AA cell batteries, instruc¬ 
tions, and 90-day limited warranty including 
our prompt service-by-mail address 
When you receive your unit, use it for two 
weeks Take it with you to work, or wear it in 
your car Take walks with it. ride your bicycle or 
roller skate with it. Let your friends try it out If 
after our two-week free trial, you do not feel 
that the Bone Fone is the incredible stereo 
experience we ve described, return it for a 
prompt and courteous refund, including your 
$2 50 postage and handling You can't lose 
and you'll be the first to discover the greatest 
new space-age audio product of the year 
Discover the freedom, enjoyment, and 
quality of the first major breakthrough in 
portable entertainment since the transistor 
radio. Order a Bone Fone stereo at no 
obligation, today 



PRODUCTS 
THAT 

"AJHINK 


Dept.H M One JS&A Plaza 
Northbrook, III. 60062 (312)564-7000 

Call TOLL-FREE .800 323-6400 

In Illinois Call.(312) 564-7000 

(c JS&A Group, Inc.,1979 
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products 


fm transceiver, the 
Azden PCS-2000 



Amateur-Wholesale Electronics is 
proud to announce its superior new 
Azden PCS-2000 2-meter fm trans¬ 
ceiver. The PCS-2000 covers 144 148 
MHz in 5-kHz steps (eight hundred 
channels). It features six memory 
channels, and scanning of memory, 
or the full band in "free," "busy," 
and "vacant" modes. All frequency 
control functions are performed by a 
microcomputer. 

Upon inspection, the most striking 
feature is the absence of a large knob 
for frequency control. In place of a 
knob, there is a twelve-button micro¬ 
computer control keyboard. The de¬ 
sired frequency is programmed into 
the radio digit-by-digit. Simplex, 
- 600 kHz, or + 600 kHz operation is 
selected by pushing a keyboard but¬ 
ton. Using a front-panel rotary 
switch, three additional offsets be¬ 
come available: + 400 kHz, + 1 MHz 
and + 1.6 MHz. 

The unit comes apart into two 
pieces; the control head separates 
from the main unit. With an optional 
connecting cable, the two units can 
be located as much as 15 feet apart. 
This allows great flexibility for mobile 
and portable operation. 

The microphone contains a volume 


and squelch control, two frequency- 
control buttons, and a button for in¬ 
stant recall of memory channel 1. By 
using these controls, the necessity of 
reaching down to the control panel 
while driving is greatly minimized. 

The PCS-2000 has a huge 1/2-inch 
LED display that makes frequency 
determination easy. The S/rf meter is 
digital, using LEDs instead of the 
usual often-troublesome mechanical 
movement. There are two selectable 
power output levels: 5 watts and 25 
watts. Low power is internally adjust¬ 
able from 3 to 7 watts. Frequency de¬ 
viation is ±5 kHz maximum. Azden 
units limit spurious emissions signifi¬ 
cantly better than required by FCC 
regulations. 

An external speaker jack is pro¬ 
vided on both the control head and 
the main unit. Optional accessories 
include external speaker, remote 
cable, desk microphone, and tone- 
pad microphone kit. Both the desk 
microphone and the tone pad kit pro¬ 
vide the same remote-control func¬ 
tions as the standard microphone. 
The Azden PCS-2000 is priced at 
$369.00 and carries a 90-day warran¬ 
ty. For additional details, contact 
Amateur-Wholesale Electronics, 8817 
S.W. 129 Terrace, Miami, Florida 
33176. 


Heathkit transmitter 
and receiver 



Heath Company introduces a new 
Amateur transmitter kit and matching 
receiver kit. The new HX-1681 CW 
transmitter combines solid-state 
technology with vacuum tube finals 
to give a transmitter capable of 100 
watts minimum output on 80 through 
15 meters, and 75 watts out on 10. It 
features full break-in CW operation, 
(QSK), built-in VFO, solid-state TR 


switching, sidetone output with ad¬ 
justable tone and level, and receiver 
muting. Keying is provided for the ad¬ 
dition of an external power amplifier. 

The matching solid-state HR-1680 
receiver covers 80 through 10 meters 
plus the lower 1 MHz of the 10 meter 
band. It features a preselector-tuned 
dual-conversion front end for .05 
sensitivity, as well as solid-state diode 
bandswitching, built-in 100 kHz cali¬ 
brator and switchable wide/narrow 
active audio circuitry for SSB or CW 
operation. The transmitter kit sells for 
$239.95 (requires separate power 
supply) and the receiver is priced at 
$209.95. For more information write 
Heath Company, Department 350- 
940, Benton Harbor, Michigan 49022. 


new MFJ 24-hour 
digital clock 



The MFJ-101 is a new 24-hour, 
solid-state, digital clock. It features 
pleasant blue, 0.6-inch digits that are 
easy on the eyes, yet bright enough 
to see all the way across the room. 

The MFJ-101 has an ID timer that 
alerts you every nine minutes after 
you tap the ID/doze button. This 
nine-minute timer gives you a full 
minute to identify after the timer 
sounds and still be legal. 

The alarm feature will remind you 
of that important sked, or wake you 
in the morning with a pleasant but 
persistent chirping sound. The 
fast/slow set buttons make setting 
time and alarm simple, while the lock 
function prevents accidental misset- 
ting. 

The alarm has an indicator which 
lights up when the alarm is on. If 
power has been interrupted, the 
digits flash on and off until the time is 
reset. 
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The MFJ 101 is UL approved, and 
operates on 110 Vac, and can be 
switched for 50/60 Hz for operation 
in European and Asian countries. 

MFJ provides a 30-day, money- 
back trial period. If you are not sat¬ 
isfied, you may return it within 30 
days for a full refund (less shipping). 
MFJ also provides a one-year limited 
warranty. 

The MFJ-101 is available from MFJ 
Enterprises, Inc., for $29.95 plus 
$3.00 shipping and handling. 

To border, call toll-free 800- 
647-1800, or mail order with check or 
money order to MFJ Enterprises, 
Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. 


mobile antennas 



A completely new line of mobile 
antennas has been introduced by Sig¬ 
nals Communications Corporation. 
The new line covers 30 through 512 
MHz. These high-performance, low- 
profile antennas feature plated whips, 
high-impact bases, and optional 
springs. These antennas will fill the 
needs of most professional and gov¬ 
ernment applications. The Match- 
mate mobile-mount adapter system 
permits the mounting of Signals an¬ 
tennas on all popular mounts. 

The mobile antennas feature solid 
dielectric coils enclosed in high- 
impact base covers. This configura¬ 
tion eliminates variation from coil to 
coil, thereby ensuring consistent high 
quality. The antennas are rated at 200 


watts with less than 1.5:1 VSWR, and 
50 ohms nominal impedance. 

The antenna whips are long enough 
to permit cutting to frequency. They 
are made of quadraplated 17-7PH 
stainless steel. This results in low¬ 
er skin effect losses and greater 
radiation. 

Contact Signals Communications 
Corp., 1 Signals Park, P.O. Box 4833, 
Manchester, New Hampshire 03108. 

rf speech processors 
for Drake 

The new Sherwood RF speech 
processors provide no-compromise 
rf/i-f envelope clipping for high intelli¬ 
gibility and unexcelled talk power. A 
specially designed eight-pole i-f crys¬ 
tal filter drives a highly effective ac¬ 
tive hard limiter (clipper). Great care 
has been exercised in developing reli¬ 
able, ultra-fast, high-isolation pin- 
diode switching of filters and the clip¬ 
per stage. Full eight-pole, low-leak¬ 
age receive and transmit capability is 
realized. The processors are rig pow¬ 
ered, and are easy to interconnect 
with your equipment. No drilling of 
holes is required. 

The 4-SP for the 4-Line transmit¬ 
ters (T-4X, T-4XB, and T-4XC) has 
separate LSB and USB eight-pole fil¬ 
ters of carefully chosen bandwidth 
for proper filtering ahead of its clip¬ 
per. The highly versatile 7-SP for the 
TR-7 not only improves your trans¬ 
mitted signal, but offers automatic 
transmit/receive switching as well as 
the option of selecting the proces¬ 
sor's special crystal filter for 16-pole, 
1.9- kHz receive bandwidth. In addi¬ 
tion, circuitry is provided for installing 
one of the normal accessory filters, 
such as the SL-500, on the processor 
board, allowing room for other filters 
in the TR-7 itself. 

All units have filter selection and 
clipping in/out switches, plus an out¬ 
put control after the clipper (for prop¬ 
er final/PA drive adjustment from 
band to band, or for precisely setting 
linear-amplifier excitation level). Clip¬ 
ping is adjusted by the rig micro¬ 


phone gain control. Each processor is 
housed in an attractive charcoal 
colored cabinet, accented with white 
lettering, that blends well with all 
Drake equipment. High-quality ma¬ 
chine-screw construction is used (no 
sheet-metal screws to strip out), with 
top and bottom removable for easy 
access to both sides of the PC board. 

Model 7-SP for the TR 7 sells for 
$265.00; the 4-SP for the 4-Line 
transmitters sells for $285.00. Others 
will be available later. Money back if 
not satisfied. Master Charge and 
VISA welcome. Please add $3.00 
shipping/handling per order. Over¬ 
seas airmail add $6.00. Write to Sher 
wood Engineering, 1268 South 
Ogden Street, Denver, Colorado 
80210. 

brochure from 
J.W. Miller 

A new four-page brochure de¬ 
scribing accessory equipment for 
Amateur Radio operators is now 
available from J.W. Miller, Division 
Bell Industries. Included in the bro¬ 
chure are descriptions and technical 
details of SWR and power meters, rf 
speech processors, precision coaxial 
switches, and various interference 
filters. 

Direct reading SWR, forward 
power, and reflected power are pro¬ 
vided by models CN-720 and CN 620 
over the 1.8-150 MHz range; model 
CN-630 covers 140 450 MHz. 

Rf clipping that insures low distor¬ 
tion is provided by models RF-440 
and RF-660 speech processors. 

Adjacent channel isolation of bet¬ 
ter than 50 dB at 300 MHz and 45 dB 
at 450 MHz is provided by two-posi¬ 
tion model CS-201 and four-position 
model CS-401 coaxial switches. The 
broadline of interference filters in¬ 
cludes high-pass, lowpass, audio, 
and ac power line filters. 

For additional information, contact 
Jerry Hall, Operations Manager, 
J.W. Miller Division, Bell Industries, 
19070 Reyes Avenue, Compton, Cali¬ 
fornia 90221. 
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multifunction 
frequency counter 

The FC 841 is a seven-digit multi¬ 
function frequency counter that 
covers the 10-Hz to 50-MHz range. 
The tilt view stand, all-steel case, and 
the 0.3-inch high LED readout facili¬ 
tate troubleshooting. Supplied with 
four AA cells, the counter can also be 
plugged into an ac outlet or a car's 
cigarette lighter. 

The FC-841 has a selectable gate 
time of 100 milliseconds or 1 second 
and a sensitivity of 30 mV rms, up to 
30 MHz, decreasing to 60 mV rms at 
60 MHz. The time base stability of the 
counter is 3 parts per million from 20° 
to 30°C (68° to 86°F). The instrument 
also features a switch for selecting 
the kHz or MHz ranges. The FC-841 is 
supplied complete with batteries, an¬ 
tenna, and a test lead having alligator 
clips on one end and a BNC connector 
on the other end. 

Price is $90 from Soar Electronics 
Corp., 200 13th Avenue, Ronkon- 
koma, New York 11779. 

Hustler ten-meter Yagi 

A new beam, designated 10-MB-4, 
is the result of extensive antenna de¬ 
sign refinements by Hustler. The 
beam is a four-element Yagi opti¬ 
mized for best directivity, excellent 
front-to-back ratio, and maximum 
gain through selective element spac¬ 
ing, and precisely resonated element 
lengths. The 10-MB-4 has a gamma- 
match feed system and is adjustable 
for a 1.2:1 or better SWR. 

The Hustler 10-MB-4 is designed to 
withstand severe weather, yet it's 
light enough to be turned by a TV an¬ 
tenna rotator. The entire antenna is 
built from high-strength aluminum 
tubing and can easily be grounded for 
lightning protection. 

The new Hustler 10-MB-4 IO¬ 
meter beam has a suggested list price 
of $109.95 and is available now. For 
further information on this or other 
Hustler Amateur antennas, write 
Hustler Inc., 3275 North B Avenue, 
Kissimmee, Florida 32741. 


Microcraft Morse-A- 
Word code reader 

An eight-character Morse-code 
reader has been introduced by Micro¬ 
craft, for SWLs, beginners, and vet¬ 
eran Amateur Radio operators. It 
accepts audio signals from a commu¬ 
nications receiver's headphone, jack, 
or loudspeaker, and displays the de¬ 
coded characters. All text characters 
— letters, numerals, punctuation 
marks, special Morse-symbols, and 
word spaces — are shown sequen¬ 
tially on the display in moving-charac¬ 
ter fashion. Code speeds of 5 to 35 
WPM can be copied, depending on 
the setting of the front panel control. 
The Morse-A-Word also includes a 
built-in code-practice oscillator and 
monitor speaker for practice ses¬ 
sions. A complete kit is $169.95, and 
a wired and tested version is $249.95. 
Write to Microcraft, P.O. Box 513, 
Thiensville, Wisconsin 53092. 


computer logging 
package 

Snow Micro Systems, Inc., an¬ 
nounces a logging package for Radio 
Amateurs. This package, written in 
Northstar BASIC, allows Amateurs to 
keep their log records on floppy 
discs. 

The log data file can be examined, 
edited, and printouts and summaries 
obtained of sections of the log. The 
entries can be listed by prefix such as 
G, G3, G3Z, G3ZC, or G3ZCZ. QSL 
card information can be automatically 
printed out by the computer. 

Different logs can be emended, 
merged, deleted, renamed, searched, 
and summaries listed on any of the 
seven output devices supported by 
the Northstar system. 

The package contains one disc, 
which includes sample logs and full 
instructions, and is available for 
$15.00, postage paid. 

For further information, write to 
Snow Micro Systems, Inc., P.O. Box 
1704, Silver Spring, Maryland; or tel¬ 
ephone (301) 622-1931. 


CALL 

TOLL 

FREE 

For the best deal on 

•AEA •Ameco *Apple «ASP 
• Belden •Bencher *Bird 
•CDE «CES •Cushcralt 
•Daiwa »DenTron •Drake 
•Hy-Gain •Icom *KLM 
•Kenwood CLarsen «MFJ 
•Midland *Mostey «NPC 
•Newtronics «Nye •Palomar 
•Regency *Shure *Swan 
•Standard »Tempo «Ten-Tec 
•Tonna •Transcom •Wilson 
•Yaesu 

NEW for 1980! 

Apple Computers.. 

get Erickson's price! 

RTTY interface available 

Larsen Mag Mounts... 
CLOSEOUT' 20 % off on 
any Larsen mag mount 
antenna in stock! 

SUPER SPECIAL... 

A few sets of Kenwood 

Twins...// ////< thr\ /r/v.-ST')')! 



CALL TOLL FREE 


(outside Illinois only) 

(800) 621-5802 

TaT h « u '» 

9 30-5 30 Mon Tuai Wad 0 Fn 
■ 9 30 9 00 Thursday 

9 00-3 00 Saturday 


ERICKSON 

COMMUNICATIONS INC 
5455 N MILWAUKEE AVE 
CHICAGO II 60630 131?i 631 -5181 
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VLF Converter 





industry 
Marine VHF 

' • Micro processor crystals 
Send 10 < for our latest catalog write or 
> phone for more details 


CB 

standard 
2 meter 
Scanners 

, Amateur Bands 
O • General communication 




2400 Crystal Drive 

I — Ft Myers. Florida 33907 
all phones 18151956 2597 




July 26 thru August 8,1980 

Our 21st year of successful leaching 

Boost your Ham Skills 
on the Blue Ridge 
•‘A Vacation with a Purpose” 

Two weeks saturation learning program 
in Amateur Hatlio: 

• Novice to General 

• General or Technician to Advanced 

• Advanced to Amateur Extra 

Expert Instruction starting at your level. 
Code and Theory in depth along with 
Eriendlv Amateurs, Who Care About 
You. 


C. L. PETERS. K4DNJ, Director 

Oak Hill Academy Amateur Radio Session 

Mouth of Wilson. Virginia 24363 


Name 

Address 

City/State/Zip 


Call 



• New device opens up the world of Very Low Frequency 
radio. 

• Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

• Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned in on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF signals is done entirely by the receiver which picks up 10 KHz signals 
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multipole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3" x 1V4" x 6" die cast 
aluminim case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswitch¬ 
ing and tuning adjustments usually found in VLF converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 in U S. and Canada Add $3.00 
shipping/handling. California residents add sales tax. 

Explore the interesting world of VLF. Order your converter today! Send 
check or money order to: 



Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


More Details? CHECK-OFF Page 94 
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guide to help you find your iocai 


Arizona 


HAM SHACK 

4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602'279-HAMS 

Serving all amateurs from beginner 
to expert. Classes, sales & service. 

KRYDER ELECTRONICS 

5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 

Your Complete Amateur Radio Store. 
POWER COMMUNICATIONS 
6012 N. 27 AVE. 

PHOENIX, ARIZONA 85017 
602-242-6030 

Arizona's #1 “Ham" Store. Yaesu, 
Kenwood, Drake, Icom and more. 


California 


C & A ELECTRONIC ENTERPRISES 

22010 S. WILMINGTON AVE. 

SUITE 105, P. O. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 

Not The Biggest, But The Best — 

Since 1962. _ 

JUN'S ELECTRONICS 
11656 W. PICO BLVD. 

LOS ANGELES, CA 90064 

213-477-1824 Trades 

714-463-1886 San Diego 

The Home of the One Year Warranty 

— Parts at Cost — Full Service. 

QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 

SAN JOSE, CA 95128 

408-998-5900 

Serving the world's Radio 

Amateurs since 1933. 

SHAVER RADIO, INC. 

1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408 998-1103 

Atlas, Kenwood, Yaesu, KDK, 

Icom, Tempo, Wilson, Ten-Tec, 

VHF Engineering. _ 

TELECOM 

15460 UNION AVE. 

SAN JOSE, CA 95124 
408-377-4479 


Connecticut 


THOMAS COMMUNICATIONS 
95 KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 • 203-667-0811 
Call us toll free. 


Delaware 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

ICOM, Ten-Tec, Swan, DenTron, 
Wilson, Tempo, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


AGL ELECTRONICS, INC. 

1898 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


RAY'S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 

Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 


SUNRISE AMATEUR RADIO 

1351 STATE RD. 84 
FT. LAUDERDALE, FL 33315 
(305) 761-7676 
“Best Prices in Country. 

Try us, we'll prove it.” 


Illinois 


AUREUS ELECTRONICS, INC. 

1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
"Amateur Excellence” 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 

OAK PARK, IL 60304 

312-848-6777 

One of America’s Largest 

Amateur & SWL Stores. 


Indiana 


KRYDER ELECTRONICS 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219 484-4946 

Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 


Iowa 


BOB SMITH ELECTRONICS 

RFD #3, HIGHWAY 169 & 7 

FORT DODGE, IA 50501 

515-576-3886 

800-247-2476/1793 

Iowa: 800-362-2371 

For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER, P. O. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

America’s No. 1 Real Amateur 
Radio Store. Trade • Sell - Buy. 


Maryland 


THE COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 

Kenwood, R. L. Drake, Ten-Tec, 
Icom, Swan, DenTron & Apple 
Computers. 


Massachusetts 


TEL-COM, INC. 

675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
you can rely on. 

TUFTS RADIO ELECTRONICS 

206 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


1-) / YOU SHOULD BE HERE TOO! 

X/CQiUJo. Contact Ham Radio now tor complete details. 
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mateur Radio Dealer 


Michigan 


RSE HAM SHACK 

1207 W. 14 MILE 
CLAWSON, Ml 48017 
313-435-5660 

Complete Amateur Supplies. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest’s Fastest Growing Ham 
Store, Where Service Counts. 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 

For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 


Nebraska 


COMMUNICATIONS CENTER, INC. 

443 NORTH 48TH ST. 

LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 


New Hampshire 


EVANS -RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 

17 LEWIS ST. 

EATONTOWN, NJ 07724 

201-542-2447 

Ham supplies since “55”. 

BARGAIN BROTHERS ELECTRONICS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 

WEST TRENTON, NJ 06828 
609-883-2050 

A million parts - lowest prices 
anywhere. Call us! 

METUCHEN RADIO 

216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 

New and Used Ham Equipment 
WA2AET “T” Bruno 


RADIOS UNLIMITED 

P. O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey’s Fastest Growing 
Amateur Radio Center. 


ROUTE ELECTRONICS 46 

225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 

Drake, Swan, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, Etc. 


WITTIE ELECTRONICS 

384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
(201) 772-2222 
Same location for 62 years. 

Full line authorized Drake dealer. 


New York 


HAM-BONE RADIO 

3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 

We deal, we trade, all major brands! 
2-way service shop on premises! 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
“Ham Headquarters USA” 
since 1925. 

Call toll free 800-645-9187. 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
Toll Free 800-448-7914 
NY ( 315-337-2622 
Res. j 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH. 


Ohio 


AMATEUR RADIO 

SALES 4 SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 
COLUMBUS (REYNOLDSBURG) 

OH 43068 
614-866-4267 

Complete Amateur Radio Sales and 
Service. All major brands - spacious 
store near 1-270. _ 


Oklahoma 


KRYDER ELECTRONICS 

5826 N.W. 50TH 

MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 

Your Complete Amateur Radio Store 


Pennsylvania 


ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 

Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 


HAMTRONICS, DIV. OF 
TREVOSE.ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for 30 Years. 
Call Toll Free 800-523-8998. 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 


SPECIALTY COMMUNICATIONS 

2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 


South Dakota 


BURGHARDT 

AMATEUR RADIO CENTER, INC. 

P. O. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
“America’s Most Reliable 
Amateur Radio Dealer”. 


Texas 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 
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SCANNERS 

NOW, INTRODUCING SCANNERS 

FOR THE KENWOOD TR7600 AND TR7625, 

KOK 2015R, KOK 2016A; MIDLAND 13-510, 13-513; 

CLEGG FM-28; YAESU FT227R; ICOM IC22S; 

KENWOOD TR7400A. 

* AEO contmuis to upand its lino of quality scanners Each of the above scanners are 
custom designed for their respective rigs 

• All scanners install completely inside rig No obtrusive exlernai connections 

• All are easy to assemble and come complete with detailed instruction manual 

e Scanned frequency displayed on digital readout (except IC2?S) 

* In the scanner OFF mode the rig operates normally in the scanner ON mode the scanner 
locks on an occupied frequency pauses lor a preset time (about 5 secs i and then 
resumes scanning 

e This gives you the ability to eavesdrop all over the band without lifting a linger When you 
hoar something interesting you flip the switch to the LOCK mode and the rig is ready to 
transmit 
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$39.95 


PRICE 

PREASSEMBLED 


$59.95 


ADD $1.50 FOR POSTAGE & HANDLING. 

AED ELECTRONICS 

750 LUCERNE RD . SUITE 120 
MONTREAL. QUEBEC. CANADA H3R 2H6 
TEL 514-737-7293 


NEW-NEW-NEW 


ANTENNAS 


S THE RADIO AMATEUR ANTENNA 

- HANDBOOK by William I. Orr. W6SAI and 

X Sluarl Cowan. W 21 X 

^ If you arc pondering what new antennas to put up. we 

recommend you read this very popular book. It con 
tains lots of well illustrated construction projects for 
vertical, long wire, and HF/VHK beam antennas. But, 
you'll also gel information not usually found in anten 
na books. There is an honest judgment of antenna gain 
figures, information on the best and worst antenna 
locations and heights, a long look at the quad vs. the 
yagi antenna, information on baluns and how to use 
them, and some new information on the increasingly 
popular Slopcr and Delta 1 oop antennas The text is 
based on proven data plus practical, on-thc air expcri 
encc. We don't expect you’ll agree with everything Orr 
and Cowan have to say, but we arc convinced that f hr 
Radio Amatrur Antrim* Handbook will make a vain 
able and often consulted addition to any Ham's library. 
190 pages 1978 

C iRP-AH Softbound $6.95 

SIMPLE LOW-COST WIRE ANTENNAS 

1 earn how to build simple, economical wire antennas. 

Even if you don’t know a fecdlinc from a feed-through. 

W6SAI will get you on the air with an effective low-cost 
wire antenna. And. apartment dwellers take note! Fool 
your landlord and your neighbors with some of the '*in 
visible*' antennas found here. For the old timer as well 
as the beginner, it’s a clearly written, well diagramed, 
and even humorous antenna book 192 pages. ’1972. 

C i RP-WA Softbound $5.95 

Two exciting antenna books from Ham Radio's Bookstore. 

Cad or write today. 

Please add $ LOO to cover shipping and handling. 


HAM RADIO S BOOKSTORE 

GREENVILLE, N. H. 03048 

CALL TOLL FREE 1 (800) 258-5353 


80 & 84-METER 
TRANSCEIVERS 


TOUCH-TONE® MICROPHONE 
DATA CODER 5 


ran 


s 39 00 

JUST LOOK AT THESE FEATURES: 

• Tough “Mobile Environment'' 
Microphone 

• Positive-Action Tactile Keys 

• High Impedance Ceramic or 500-ohm 
Dynamic Cartridge 

• Adjustable Tone Balance and Output 
Level 

• Positive Hold Easy Lift ' Hanger 

• For Vehicle or Hand held Portable 
Use 

• Complete Not a Kit S39.00 

'Touch Tone is <1 rcgiileico tude nomc ol AT&T 


ONLY 

$79.95 

EACH 




PPO US* LESS BATTERIES 


list 


DATA SIGNAL. INC. 

2403 COMMERCE LANE 
ALBANY. GEORGIA 31707 
Tel 912-883-4703 


• 84 meter transceiver which covers 3500 to 
3600 kHz is for the old timer 

• NOVICES should order the 80 meter unit 
which covers 3685 to 3755 kHz 

• CW operation with VFO control 

• Output power approximately V» watt 

• Expect up to 1000 mile range when used with 
a half wave dipole 

• Adjustable RF output impedance 

• Low distortion sidetone oscillator 
doubles as a code practice oscillator 

• Direct conversion receiver 

• RF amplifier and sharp audio filter 

• Receiver independent tuning 

• Long life operation from 9 self-contained 1 5 
volt carbon zinc D cells 

• Size 9 wide by 5 high by 8 deep 
•Instruction manual included 

Accessories required but not included, are & 
ohm stereo phones, telegraph key. a good an¬ 
tenna such as a half wave dipole, and a dc volt 
meter 

MANUAL AVAILABLE SEP $2 00 
SEND S A S E FOR SPEC SHEET 
R I RESIDENTS ADD 6% SALES TAX 


TEDCO 

9 Canonicus Avenue 
Newport. Rhode Island 
02840 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know lour to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
(rom this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll lake care ol the rest 

Allow 4-6 weeks tor 
faUlU correction 
Magazine 

Greenville, NH 03048 

Thanks for helping us to serve you better. 

|-\ r - 

1 % I 
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More Details? CHECK-OFF Page 94 
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RATES Non-commercial ads 10$ per 
word; commercial ads 60$ per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPT No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


ICOM 701 INTERNATIONAL USER’S CLUB. Details 
s.a.s.e. Pohorence, 9600 Kickapoo Pass, Streetsboro, 
Ohio 44240. 

BIRD 4111 WATTMETER $75, Seria 164 $125, Motorola 
1034 Signal Generator $350, Hickock Tube Tester $35, 
Lampkin 205A $60, Model 80 $225. Gertsch FM-3 $100, 
K6KZT, 2255 Alexander, Los Osos, CA 93402. 


KDK 2015R OWNERS. Use memory for any oddball 
splits. Shows Transmit/Receive frequencies. Simple, 15 
minutes. No holes drilled, no boards lifted. SASE. 
Details free. WA2HQD. 105-18 131. Richmond Hill, NY 
11419.(212)641-2559. 


MECHANICAL FILTER F455N20 or equivalent for R-390A 
needed; also 2K25 klystron mount, waveguide. WA4VZQ, 
120 Brookwood Drive, Seneca, SC 29678. 


VERY in-ter-est-lng! Npxt 3 issues $1. “The Ham Trader”, 
Wheaton, IL 60187. 


COLLINS 51S1-F .2-30 MHz (round #7390) with matching 
55G1 VLF/Speaker. Complete that S-Line with this mint 
receiver. $1200.00. Bob, WA6ERB, 451-1 Via Casitas, 
Green brae, CA 94904. (415) 461-3209. 


Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 

F. Bastl 

Hauptplatz 5 

A-2700 Wiener Neustadl 
Austria 

Ham Radio Holland 

MRL Ectronlcs 

Postbus 88 

NL-2204 Delft 

Holland 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweo 416 
B-9218 Gent 

Belgium 

Ham Radio Canada 

Box 400, Goderich 

Ontario, Canada N7A 4C7 

Ham Radio Europe 

Box 444 

S-19404Upplands Vasby 
Sweden 

Ham Radio Italy 

G. Vulpettl 

P.O. Box 37 

1-22063 Cantu 

Italy 

Ham Radio Switzerland 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Radio France 

SM Electronic 

20 bis, Ave des Clarions 

F-89000 Auxerre 

France 

Ham Radio UK 

P.O. Box 63, Harrow 

Middlesex HA3 6HS 

England 

Ham Radio Germany 

Karin Ueber 

Postfach 2454 

07850 Loerrach 

West Germany 

Holland Radio 

143 Green way 

Greens ide. Johannesburg 
Republic of South Africa 


AMATEUR WHOLESALE ELECTRONICS is looking for 
a Chief Electronics Engineer or Technician, full 
benefits, excellent opportunity for advancement. 
Please submit resume and salary requirements to: 
Peter Smith, A.W.E., 8817 S.W. 129 Terr., Miami, 
Florida 33176 or phone (305) 233-3631. 


COLLINS — KWS-1 #376 $450 with spare P.A. tubes; 
75A-4 #4986 $425; W8GNS, (513) 232-5574. 


BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204.(913) 381-5900. 


FOR SALE: Mosley Tri-Band Ta 36 and Mosley Dipole TD 
2 Antennas, Rohn Tower 55 ft. (tilts) Ham-M Rotator. 
1-814-362-3365. 


QSLs — $2.70 per hundred (minimum order, 1000) and 
up. 32 two-color designs. Send 30c/stamps for catalog. 
Satisfaction guaranteed or money back. Since 1934. 
VP5QED Press, Box 1523, Boca Raton, FL 33432. 


KENWOOD INTERNATIONAL USER’S CLUB is now 

operational. SASE for details. N8RT, Pohorence, 9600 
Kickapoo Pass, Streetsboro, OH 44240. 


RTTY CLOSEOUT — Complete kits only. NS-1A demodu¬ 
lator $15.00. NS-BP bandpass filter $9.00. Postpaid. 
SASE for info. Nat Stinnette Electronics, Tavares, FL 
32778. 


TEFLON CIRCUIT BOARD, double sided 1 oz. Approx¬ 
imately 3.5" x 5" .01 $5.00 ea., .032 $6.00 ea. Feed thru 
capacitors $.50 ea., hot carriers diodes suitable for 2 
GHz $1.50 ea., 4.5 GHz ft transistors $3.00 ea. Will supply 
MRF 901 while supply lasts. Chip-capacitors 10, 47, and 
100 PF $.50 ea. Postage paid. Master Charge, VISA, or 
check. S&S Enterprises, 4335 East 5 Ave. Anchorage, 
Alaska 99504. (907) 333-7367. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, CA 94806. 


STAR-TRONICS monthly picture flyer is full of parts and 
pieces for the builder. U.S. only. Star-Tronics, Box 683, 
McMinnville, OR 97128. 


TEST GEAR: Eico R-C Bridge $25, grid dip $10, 3" scope 
$40, Heath stereo MPX generator $50, Central Elec¬ 
tronics monitor scope $40, B&W dummy/wattmeter $35, 
Ten-Tec KR-40 $45. N3AI, 617 Mtn. Top Rd., McAdoo, PA 
18237. 


TRS-80 INTERFACING, Active Filters, 8080/8085 Pro¬ 
gramming, Digital Electronics, and many exciting new 
titles in the self-study Blacksburg Series. Free info. 
Group Technology, Box 87K, Check, VA 24072. 


RTTY — 28 ASR, $325. KSR $165. You pickup. Other 
RTTY gear available. Call or Write, Ed, W1NPL, 136 
Woodlawn St., Chicopee Falls, MA 01020. 


ONLY MY FRIEND’S recent physical disability makes 
this top-grade equipment available; purchased new, still 
in as-new condition, complete with manuals/cables. Bill 
had literally a store full of items, $10 to $100 range; too 
costly to advertise the list, so tell me what you need. I 
want to move them now. Anyone having a difficult time 
learning code and operating CW? These like-new visual 
decoders and electronic typewriter keyboard: Pickering 
230-D Morse Decoder, $1500; Pickering KB-1 Electronic 
Keyboard keyer, $140; Atronics CR-101 Code Reader, 
$65; manuals/instructions. Collins: 51S1F, $2050; 55G1, 
$325; 30L1, $995; 32S3A/516F2, $1775; 312B4, $425; all 
Round Emblem, immaculate w/manuals. Two Hy-Gain 
HT-18,10-80 meter vertical antennas, $195 each (phasing 
harness available); Two Murch Ultimate Transmatch UT- 
2000A, $125 each; DenTron 3000A antenna tuner, $230; 
KLM Multi-2700 144 MHz transceiver, $575; KLM PA 10- 
140BL linear amplifier, $175; Vista 120v.a.c./13.8v.d.c. 
power supply for above, $136; excellent condition 
w/manuals. Ralph E. Thomas, W2UK, 9 Emmons Avenue, 
Farmingdale, N.J. 07727; telephone (201) 938-5623. 


CHAIN BURGLAR ALARMS has loud piercing Alarm — 
$15.00 ea. Post-paid. “M” Grant, Rt. 3, Box 183, Salem, 
Virginia 24153. 


QSL CARDS 500/$10. 400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130. 

ANTENNA FARM on six acres redwood forest, Santa 
Cruz mountains, 45 minutes to San Jose, CA. Quiet DX 
location, three-phase power, 125-ft Blaw Knox self- 
supporting tower with 40M and 20M rotary beams. 
Crank-up with TH6DXX. Many 150-ft redwoods for wires. 
1925 square feet in house and garage, 960 in nearby 
shop and ham shack, all seven years old. Private well, 
10,000 gallon storage. V^-mile paved private road. Top 
three acres fenced. Good DX location all directions, 7° 
horizon to SW. $300,000 by owner, W6MUR, terms. Write 
callbook QTH or call (408) 336-8800. 



COAX RELAY 
12 VDC SPOT 
450 MHZ + 100 WATTS 

2 MALE RCA PLUG TO 
SO239.PLUS SPST 20A 
CONTACT. $6.95 



15KVDC a 30 WATTS 
INPUT 11 SAC 60HZ 
*9.95 



POWER SUPPLY MODULE 
RATED AT 12V » 2.5A. CAN 
BE MODIFIED BY CHANGING 
THE ZENER. 

PARTSiA-3A DIODES,1-2.SA 
FUSE. I-2200MF » 35V CAP, 

I-12V ZENER.1-PASS TRANS. 
WITH HEAT SINK. »*- 9S 


A MTS NX AS 


BNC STRAIGHT 


AN5 PT 90 


BNC 90 ELBOW 


AMS PTBAJ BNC ADJ. ELBOW 
ALL ANTENNAS ARE FOR 1*0 METERS 


$7.9S 


MPF-131 

|N-CHANNEL DUAL GATE 

ImOS FIELD-EFFECT TRANS-| 
ISTOR USED IN VHF AMP 
ILIFER t MIXER. GOOD FDR| 
RF AMP. AT 60 t 200MHz 
HAS DIOOE PROTECTED 
GATES. COMES WITH DATA 
SHEET. UNITS ARE HOUSE 
IMARKED. 

.lOHM 5UMTT 


5 FOR *1.00 

50 OHM 100 WATT 


”- 50 j 

■ MJE2955 $tT 


e 

Touch-Tone Housing. 
BLACK only....*3■50 


5 V. DIP RELAY 

SP ST 
N.O. 

*L50 




mj3000*2.25 


CONNECTORS 

BNC M/UHP-r' 
JOSSB UG-2S5U $3.00 
BNC F/UHF-M 
UG-273U $2.50 

-j —~ BNC F/BNC-F 
■ — UG-914U $2.00 


2N55B9 
CASE MT-72 
$2.95 




2N5590 
CASE TO-117 
$4.95 


LJHF F/UHF-F 
PL-258 $1.50 

'N * F/BNC-M 
uG-349U $3.75 

•N* M/UHF-F 
UG-146U $4.75 

»'N' F/UHF 
WUG-83BU $4.75| 

RG8 Adapter 
UG- 175 $ .25| 

|| BNC M-CABLE 
V UG-88 *1.35 

BNC F- PANEL 
UG-1094*1.00 

| *’ N ** M CABLE 

UG-2 IB *2.95 

" N" F PANEL 
UG-58 *2.25 


SO-239 650 

PL-259 65C 

10/$6^)^jnC^JATgH^ 




LED 

JUMBOS 


% 


FOR *1.00 
100 FOR *7.95 



100 CFM 
1 15VAC 60HZ| 
4.5 ** X 1 
USED *6.95| 
QUAPANTE&P 


*12.95 



VARIABLE POWER 
SUPPLY KIT 
PS1 5— 1 2VDC a 500MAI 
PS2 1 2 —28 VDC 9 250 Ma| 
ALL PARTS INCLUDED 
*6 . 95 


COMPUTER GRADE 
CAPACITORS. 
lO.OOOUF a 50V *2.9! 


w: 


25* 


M 

p] 

J 

■ 


23.200UF 
2B.500UF 
39.OOOUF 
OO.OOOUF 


50V 3.501 

BOV 3.00| 
45V 3.5ol 

lov i.oof 


ED Box 12685 
ie Park, FL 33403| 
(305) 848-8236 


*Fla. residents add 4% sales tax. 

*MC & VISA accepted, please include expir¬ 
ation date and signature as on card. 

•Add $1.00 for order under $10.00. 

•Canada k Poreign orders please add suffi- 
cent postage. 

I •*USA orders please add 5% postage. 


More Details? CHECK-OFF Page 94 


february 1980 QS 85 




REMOTE CONTROLLED 
ANTENNA SWITCHING LETS 
YOUR FEEDLINE WORK HARDER 

five limes as hard, in fact. 

Antenna Mart's Model 50 remote controlled coax 
switch allows instant switch selection of up 
to five antennas with a single feedline 
and a control cable between 
the operating position and 
the remote switch location. . 


. . AND 




control unit 
with indicator lights 


MODEL 50 
emote AntenneSwitch 
S15QQO +$3 shipping 



CLEANS UP YOUR ACT IN THE SHACK! 


Eliminates the tangle of feedlines and manual 
switches usually associated with multiple antennas. 
With 3kW power rating, high-speed low-loss 
operation, rugged weather-proof construction 
and LED indication of antenna in 
use, it adds up to THE solution 
to your antenna switching problems. 

Order factory-direct or write 
for complete information on 
our line of available models. 


remote switch 




AIMTEIMNA MART 


515-292-7114 


bom 1010, i.s.u. station, omes, iowo 50010 


IRON POWDER and FERRITE PRODUCTS 

amidgSn. . 

y^Moam 

Fast, Reliable Service Since 1963 

Small Orders Welcome Free 'Tech-Data' Flyer 

Toroidal Cores, Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 


RF Speech Processors for Drake TR-7, TR 4s, T-4Xs 

NEH/! RF CLIPPERS 


Special 8-pole IF crystal filtering, followed by highly 
effective active hard limiting: the key to intelligibility and 
talk power. TR-7 processor provides room for an additional 
accessory filter. All solid state pin<fiode switching. TR-7. 

TR 4 units feature selectable 16 pole receive. Model 7 SP 
for TR-7: $265.00. Model 4 SP for T4X: $285 00 
TR-4 unit available at a later date. 

Mike Equalizer Pre-Processor 

Companion to above units, but good between any mike 
and rig. Can reduce distortion, improve crispness, Intel 
ligibility. Easily adjustable single control tailors both high 
and low frequencies to optimize response of any micro 
phone. Contains in/out, gam. equalization controls. 
Model SE 1: $65 00 



Sherwood Engineering Inc. 

1268 South Ogden SI. 

Denver. Colo. 80210 
(303)722-2257 
Money back il not satisfied 

Add $3 per order shipping. 

$6 overseas air ^ 

Dealer Inquiries Welcome 



MOTOROLA ALL SOLID STATE MOTRAN RADIOS 

Model X43LSN-2170. four frequency, transmit 150 MC 
(30W). receive 450 MC Will operate in Ham Bands No 
modification required Large slock available $150 00 
each Omni Communications. Call (312) 852-0738 

G.L.B. 400B CHANNELIZER factory built with manual, 
converted Motorola U43GGT 2 Mtr Transceiver used with 
Channelizer. Will sell separately R W Steffel. 2203 
Lakeland Dr.. Johnson City. Tenn 37601. 

FERRIC CHLORIDE tn double wrapped one pound 
packages Dry — just add water Makes close to one gal 
Ion Satisfaction guaranteed $2 50 per pound Please in 
elude funds for shipping Lou Carbaugh. WA30JF. P O 
Box 398, New Cumberland. Pa 17070 

HAM RADIO REPAIR, alignment Prompt, expert, 
reasonable Grid Grldley, W4GJO. Route 2. Box 138B. 
Rising Fawn. GA 30738 

COMPLETE SET OF 73*s. every issue ever printed Ex 
cellent condition Will sell or trade, make offer K8YAH. 
Ron Vanke. 2700 Patrick Ave.. Columbus. OH 43229 

RTTY AFSK Modulator PC board See Feb 79 Ham 
Ftadio Drilled $5.00 F E Hinkle, 12412 Mossy Bark, 
Austin. TX 78750 

SELL: RTTY DT 600. AK 1 CW ID er, timer, loop and low 
voltage supplies professionally built in nice cabinet 
$150. solid state RTTY keyboard and video display 16x64 
$200 Will consider trade tor 10 MHz scope N3AI. 617 
Mtn Top Rd . McAdoo. PA 18237 

THE MEASUREMENT SHOP has used/reconditioned 
test equipment at sensible prices; catalog 2 West 22nd 
St . Baltimore. MD 21218 

SALE - Tubes 21 I s. 31 Vs - $3 00 ea . RG 62 Co ax 
100 /$7. Panduit cable ties SST/M M20 0-V«' 1000 /$8. 
Delco AM FM s, GM s '70-77 Svirmikas. 6601 S Whip 
pie, Chicago. IL 60629 

MANUALS for most ham gear 1937/1970 Send 25« tor 
"Manual Catalog " HI. Inc . Box H864. Council Bluffs. 
Iowa 51502 

WANTED AFSAV 133D & AN/FRA 86 Demods TD-687 
Demux. AFSAV 129A Selector & AFSAV 39C Rekeyer C 
T Huth. 146 Schonhardt, Tiffin, OH 44883 

PORTA PAK — Make your FM mobile a self contained 
portable Models In stock tor most popular makes 4 5 
amp hr model $60 00 9 amp hr $103 00 Charger Includ¬ 
ed. shipping extra P O Box 67. Somers, Wl 53171 

RTTY FOR SALE 28ASR table-lop compact (1). 28KSR 
single-speed (2). w/gearshift (1); M28 ROTR single-speed 
(2). w/gearshift (3); M28 LXD stand alone TD (10), 28KSR 
compact w/gearshift (1). 28RO w/gearshlft (2). 34ASR (1). 
M28 keyboard typing reperf single-speed (2). M28 triple 
LXD (2). M28-under dome typing reperf single speed (1). 
w/gearshift (2). friction feed mod kits NEW (3); 2-shaft re 
pert for 28ASR (2). 60-75-100 wpm gearshifts for 28KSR. 
RO NEW (5); M28 motorized paper winders (10), self con 
tamed answerbacks (3); 35KSR (1); 35ASR (1). 33ASR 
TWX (1). gears and parts available for all machines Send 
SASE for full list and prices Lawrence R Pfieger. 
K9WJB, 2600 S 14th Street. Si Cldud. MN 56301 

SATELLITE TELEVISION - movies, sports, etc Build or 
buy your own earth station Send $3 00 for information 
Satellite Television. Box 140. RD #3. Oxford, NY 13830 

MOBILE HF ANTENNA 3.2 30 MHz inclusive. 750 watts 
PEP. center loaded, tuned from the base, eliminating 
coil changing or removing from mount Less than 15 to 1 
VSWR thru entire coverage $129 95 ea plus shipping 
Contact your local dealer, if none in your area order 
direct Anteck. Inc.. Route One. Hansen. Idaho 83334 
(208) 423-4100 Master Chg . and VISA accepted Dealer 
and factory rep inquiries invited 

ELECTRONIC BARGAINS. CLOSEOUTS. SURPLUS) 
Parts, equipment, stereo, industrial, educational Amaz¬ 
ing values! Fascinating items unavailable in stores or 
catalogs anywhere Unusual FREE catalog ETCO-012, 
Box 762. Plattsburgh, NY 12901 SURPLUS WANTED! 

MOBILE IGNITION SHIELDING provides more range 
with no noise Available most engines Many other sup 
pression accessories Literature. Estes Engineering, 930 
Marine Dr. Port Angeles. WA 98362 

FOR SALE: Johnson 4740 SSB/AM transceiver converted 
to 10 melers. $200 S R Wimmer. WB0GGT 1430 N 
59th. Lincoln. Nebr 68505 

FREQUENCY SYNTHESIZERS - How they work, how to 
design your own. plus more Self study book. Design of 
Phase Locked Loop Circuits, with Experiments. 254 
pages A Blacksburg Series book $9 95 postpaid Group 
Technology. Box 87K. Check. VA 24072 





HAM RADIO MAGAZINE Complete file $125 W1PQ, 
(203) 438-3228 

DX. YOU BET! THE OX BULLETIN - Best weekly DX info 
in the world For FREE sample copy, send business sue 
SASE to The DX Bulletin. 306 Vernon Avenue. Vernon. 
Connecticut 06066 

NORTH AMERICAN DX REPORT - free sample — 
SASE to Suites R2-R3. 615 S Frederick Ave . 
Gaithersburg. MD 20760 - Phone (301) 840 1987 

CW FILTERS Active audio &pole. install In any radio, se 
lectable bandwidth. S15-S32 SASE Info W8CBR. SOW 
Mennonite. Aurora. OH 44202 

STOP LOOKING for a good deal on amateur radio equip 
ment — you've found it here — at your amateur radio 
headquarters In the heart of the Midwest Now more 
than ever where you buy is as important as what you buy 
We are factory authorized dealers for Kenwood. Drake. 
Yaesu. Collins. Wilson. Ten-Tec. Atlas. ICOM, DenTron, 
MFJ, Tempo. Regency. Hy-Gam, Mosley. Alpha. 
CushCraft. Swan and many more Write or call us today 
for our low quote and try our personal and friendly 
Hoosier Service HOOSIER ELECTRONICS PO Bo* 
2001. Terre Haute. Indiana 47802 (812) 23& 1456 


Coming Events 

MICHIGAN: Traverse City Swap n Shop. Saturday. 
February 9. 10 AM 4 PM Talk-In on 25/85 or 52. For more 
details contact Jim Fenton. W8LVZ. 11476 Cedar Run 
Rd .Traverse City. Ml 49684 Phone (616)275-7597 Good 
Door Prizes! 

MISSOURI: The Missouri Valley Amateur Radio Club. 
Inc. proudly announces its second annual Pony Express 
Days from the original stables in St Joseph. April 5 and 
6 Operating time 1000 CST to 1900 CST both days Any 
one making contact with the club station will receive the 
Pony Express Award Send legal-size SASE along with 
personal OSL card to Missouri Valley ARC. 401 North 
12th Street, St Joseph. MO 64501 Certificate will be 
stamped with original seal of the Pony Express Operat 
ing frequencies will be 28.575 and 10 kc's from the bot 
tom of the General phone band on the other bands — 15 
through 75 CW bands will be 28 150. 21 150 and 7 125 
Listen for W®NH from the home of the Pony Express 

VERO BEACH. FLORIDA HAMFEST - The Treasure 
Coast Hamfest will be held on March 15 & 16. i960 at the 
Vero Beach Community Center Admission is $3 per 
family In advance. $3 50 at the door Talk in on t46 13/73 
146 04/64 222 34/223.94 For information write P O Box 
3068. Vero Beach. Fla 32960 

MARYLAND: Calvert Hall and the Baltimore Amateur 
Radio Club's all new 1980 Greater Baltimore Hamboree 
and Computerfest. Sunday. March 30 New location The 
Maryland State Fairgrounds at Timonium located just off 
I-B3. 2 miles north of 1-695 north of Baltimore Plenty of 
space for dealers, displays, tables, commercial exhibits 
and lectures for both Amateur Radio and personal com 
puter enthusiasts Acres and acres of space for tailgate 
sales Door prizes throughout the day with hundreds of 
dollars in cash prizes given away at the grand drawing 
Admission $3.00 Tables $5.00 Special events, lectures, 
and demonstrations Refreshments available Talk in on 
the BARC repeaters. 146 07/67 and 146 34/94 For addi 
tional information, tickets and space reservatiosn con 
tact Joseph A Lochte, Jr . 2136 Pine Valley Drive. 
Timonium. MD 21093 For a recorded message dial (301) 
HAM TALK 



• 99.99 Turns 
i One Hole 
Panel Mount 
i Handy Logging Area 
• Spinner Handle Available 


Case: 2x4"; shaft Vi”x3" 

Model TC2; Skirt 2-1 18 ': 

Knob 1-5/8" 
Model TC3: Skirt 3"; 

Knob 2-3/8" 


R. H. BAUMAN SALES 

P.O. Box 122. Itasca, III. 60143 


TC2 

S10.00 

TC3 

S11.00 

I Spinner Handle 

J Add 

SI.50 


ASTROIM POWER SUPPLIES 

• HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE • 


SPECIAL FEATURES 


• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply Irom 
excessive current A continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on Models RS-/A 
RS-12A RS-20A, RS-35A. RS 20M & RS 35M 

• MAINTAIN REGULATION A LOW RIPPLE at low line input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORO 

• ONE YEAR WARRANTY • MADE IN U S A 

• VOLT A AMP METER ON MODELS RS 20M A RS-35M 

PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105 - 125 VAC 

• OUTPUT VOLTAGE 13 8 VDC -0 05 volts 
(Internally Ad|ustable 11-15 VOCI 

• RIPPLE Less than 5mv peak to peak Hull load A low line) 

• REGULATION • 05 volts no load to lull load A low line to high line 



ASTRON 20 AMP REGULATED 
POWER SUPPLY Model RS 20M 

16 Amps continuous 
20 Amps ICS* 

5“ IH) x 9" IW) • 10 5" lOl 
Shipping Weight 20 lbs 
Price . St 12 95 


Other popular POWER SUPPLIES alio available (Same leatures and specilicalions as above) 


Model 

Continuous 
Outy lamps) 

ICS' 

lamps) 

Size |ln.| 

H - W ■ 0 

Shipping 
Wt |IOs.| 

Price 

RS 35M 

25 

35 

5* 11 x 11 

29 

$156 95 

RS-35A 

25 

35 

5 x 11 x 11 

29 

$138 95 

RS-20A 

16 

20 

5 x 9 x 10% 

20 

S94 95 

RS-7A 

5 

i 

3¥, - 6% x 9 

8 

$49 95 

RS-4A 

3 

4 

3Y. - 6% ■ 9 

5 

S39 95 


•ICS — Inlermiileni Commumcalion Service (50°'o Duly Cyclel 

II not available at your local dealer, please contact us directly 



Inside View - RS-12A 



ASTRON 

CORPORATION 


1971 South Ritchey Street 
Santa Ana. CA 92705 
(714) 835-0682 


Cr -PaJ/o 'World Q 



Featuring Yaesu. Icom, Drake, Ten-Tec, Swan, DenTron, Midland, KDK, MFJ, Microwave 
Module, Tempo, Astron, KLM, Hy-Gain. Mosley, Larsen, Cushcratt. Hustler, Mini Products, 
Bird, DSI, Mirage, Vibroplex. Bencher, Info-Tech, Universal Towers. Callbook, ARRL, Astatic, 
Shure. We service everything we sell / Write or call lor quote. You Won't be Disappointed. 

We are lust a few minutes ott the NYS Thruway (1-90) Exit 32 


Warren 

K2IXN 

Call Toll Free: 1-800-448-7914 


ONEIDA COUNTY AIRPORT TERMINAL BUILDING 
ORISKANY, NEW YORK 13424 


ISKANY. NEW YORK 13424 WA2MSH 

New York State Residents Call: 318-337-2622 or 318-337-02U3 


ALL BAND TRAP ANTENNAS! 






PRETUNED - COMPLETELY ASSEMBLED - 
ONLY ONE NEAT SMALL ANTENNA FOR 
UP TO 6 BANDS! EXCELLENT FOR CON- 
GESTED HOUSING AREAS - APARTMENTS 
LIGHT - STRONG - ALMOST INVISIBLE I 


»>- 


FOR ALL MAKES * MODELS OF AMATEUR 
TRANSCEIVERS - TRANSMITTERS - 
GUARANTEED FOR 2000 WATTS SSB 
lOOO WATTS CW INPUT FOR NOVICE AND 
ALL CLASS AMATEURS! 


COMPLETE AS SHOWN with 90 ft RG58U-52 ohm feedHne. and PL259 connector. Insulator*, 30 ft 
300 ft) te»t dacron and aupports, center connector with built In Hghnlng arrester and static discharge - 
molded, sealed, weatherproof, resonant traps r*X6"-you just switch to band desired for excellent worldwide 
operation - transmitting and reclevlng! WT LESS THAN 5 LBS 


160-80.40-20-15-10 bands 4 trap 169 ft. with 90 ft RG58U - connector - Model 1060BU *99.95 

80-40-20-15-10- bands 4 trap -91 ft with 90 ft. RG58U coax - connector - Model 1080BU *95.96 
40-20-15-10 bands 4 trap — 45 ft with 90 ft RG58U coax - connector - Model 1040BU *92 96 
20-15-10 bands 4 trap — 23 ft with 90 ft. RG58U coai - connector - Model 1002BU *89.95 


SEND FULL PRICE FOR POST PAID INSURED DEL IN USA (Canada la *5.00 extra for postage - 
clerical - customs - etc.) or order using VISA Bank Americard - MASTER CHARGE - AMER. EX" 
PRESS Give number and ex date Ph 1-308-236-5333 9AM - 6PM w4ek days. We ship in 2-3 days. 
ALL PRICES WILL INCREASE SAVE - ORDER NOW! All antennas guaranteed for 1 year 10 day 

money back trial If returned In new conditionj Made In USA FREE INFO AVAIL ABIE ONLY FROM 

WESTERN ELECTRONICS Dept AR-2 Kearney. Nebraska. 68847 







STEP UP TO TELREX 

WITH A 

TELREX "BALUN" FED—"INVERTED-VEE" KIT 
THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 


%C 



"H 


Telrex ' Monarch" (Trapped) I.V. Kit 
Duo Band/4 KWP I.V. Kit $66.50 
Post Paid Continental U.S. 


Optimum, full-size doublet performance, independent of ground conditions! "Balanced- 
Pattern", low radiation angle, high signal to noise, and signal to performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "Inverted-Vee" to frequency within the hour! Minimal S/W/R is possible if 
installed and resonated to frequency as directed! Pattern primarily low-angle. Omni¬ 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating to frequency instructions supplied with 
each kit. _ 


For technical data and prices on complete 
Telrex line, write for Catalog PL 7 (HRH) 


HA-2 HORIZONTAL/VERTICAL 
2 METER ANTENNA 

The HA-2 It a low profile hot wave, horizontal 
polarized omnkJtecttonol 2 meter antenna Al¬ 
though the HA-2 wot designed tor mobile operation, 
rfw* woric well at o «xed or portable antenna and fit 
Knot size provides the traveling ham wfh an 
antenna that can easily be packed m a briefcase 
The HA-2 comet complete wfh BG/58. which It led 
through the center of the matt section. Pl-259 RF 
connectorond 3/8 24 stud base A rain gutter mount 
It recommended 
lor mobile operpv-^^^ 


THIS IS IT 

BiBD 



tton. which It an opfior^. 
To provide more veoo- 
IKlty for the HA-2, a 
vertical change over 
option mount has been 

Specifications 

Gain 

VSWR 

Bandwidth 

Impedance 
Power 
Element Size 
Most Length 
Base 

HA-2 Antenna 


^ designed allowing 
vertical or horizontal 
polarization, complete 
change can be mode 
In mtnutet requiring 
only a screw driver 

1 92 dBI 
1.5:1 
4 MHz 
50 Ohms 

150 watts dc Input 
10 Inches square 
2.0 teet 
3/8 x 24 

$39.95 postoge paid 

Pat Pending -86548 
F.C.C - Certified 


Send check or money order to 
SEM CON Inc. Box 2751. 

Polos Verdes, CA 90274 

‘Vertical change over mount $6.95 


MODEL 4431 THRULINE® 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 

IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 


associates 

115 BELLARMINE 
ROCHESTER. Ml 48063 

CALL TOLL FREE 
800 - 521 2333 
IN MICHIGAN 313 - 375-0420 


Operate Legally Without 
An FCC License in 
the 160-190 kHz Band 




m,- 




LOW & MEDIUM FREQUENCY RADIO 
SCRAPBOOK (3rd Edition) 
by Ken Cornell. W2IMB 

Here's your chance to gel on the air and have some 
legal Itcense-lree excitement in the 160-190 kHz 
range Explore the enticing world ot the low frequen¬ 
cies and uncover some new lun 1 Complete details on 
assemplmg homebrew to work these frequencies 
plus full into on FCC rules and regulations A book 
you |ust can t allord to miss 110 pages ©1977 
□ HR-LF Sotlbound 56.95 




ADDENDUM 77/78 

for the Low & Medium Frequency 

Radio Scrapbook 

by Ken Cornell. W2IMB 

Even more goodies from the 160-190 kHz region, 
Addendum 77/78 is designed to complement The 
Low & Medium Frequency Radio Scrapbook The 
technical data is excellent and will provide you ' low 
lets' even more mtormation, applications, and tech¬ 
niques tor these enticing treguencies latest revised 
FCC rules governing the npn-licensed communica¬ 
tion bands 68 pages ©1977 
□HR-LFA Softbound $3.95 

Be a LOWFER 

Join the fun and get on 
160-190 kHz this winter 

Send your order today or call 

TOLL FREE 

1 (800) 258-5353 

Clip & Mail Today! 


□ HR-LF 

□ HR-LFA 
Plus shipping 

□ Charge 
Expiration 
Card Number 


Total enclosed_ 

MC VISA 


Ham Radio’s Bookstore 

GREENVILLE. NEW HAMPSHIRE 03048 


88 S3 february 1980 


More Details? CHECK-OFF Page 94 




















SPLIT-BAND SPEECH 
PROCESSOR canr 


• 4 


our* 


Punch thru 
the pileups 
with up to 


Til 'JW* 


The new DX-1 Speech Processor Kit features split-band speech 
processing — a new technique more effective than rf clipping that 
offers high performance with low distortion, described by N7WS in 
the September issue of Ham Radio The DX-1 provides up to 15 dB 
increase in average talk power with shaped audio response for 
improved intelligibility, but maintains your natural voice quality 
Installs simply between your microphone and transmitter. 


Increased talk power Up to 15 

dB. adjustable (10 dB recommended 
under most operating conditions) 

Frequency response: 350 Hz — 

2 4 kHz at 3 dB down (200 Hz — 3 
kHz at 12 dB down) 

Harmonic Distortion: Less than 
12% at 1 kHz with 10 dB clipping 


Requires 12 Vdc fcCO QC 
at 200 mA 

Add $10 for built-in AC power supply 

Ask tor FREE CATALOG ol kits and pans 


for the homebrewer. 


RADIOTi 


BOX 429-H, HOLLIS, NH 03049 • (603) 465-7660 


UNMMLLA 

The 

WA2ZOT 
“INTERFILTER” i 


2000 WATT LO-PASS 


LIFETIME GUARANTEE 

The only Lo-Pass you'll 
ever need 



ISSISTHCn 

till MUCH CUMNISOM WAZZOI 

till lilt 800 448 1666 

(UTS Collett 315 4 37 39531 


FULL-POWER,QUALITY 
HAM ANTENNA PARTS 

AT YOUR DEALER 


RRLUNS TRAfS INSULATORS 
QUAD PARTS ANTENNA KITS 
I00M/MAST MOUNTS WIRE 
CABLE CONNECTORS 

Write or call for fall Catalog 


I I Company inc 

• TO KINMf STREET EAST StWACUSI NIWYOAK DOW 


DEALERS WANTED- OVER 300 WORLDWIDE 


DIPOLE /ANTENNA CONNECTOR 


MVI OUI (MO 1) dipole cOMtWCtp' hat coat 
SO ?J9 toctai molded w»io gtatt Miad plastic 
body to accept coa> r»l p*uQ on •araHi'ra 
tk.p car saaps coat fittings dry instructions in 
dudad (iuaeantaad At you* 'Jaataes o' t» •* 
postpaid Compan^in insulators It JVpr 


BUDWIG MFG. Co. PO Boa 829, Ramon*. CA 92065 
Ca Res add 6% Sales T*i 


I PAY CASH 

for your military surplus electronics 
If you have or know of availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 

Dave-(213) 760-1000 


When it comes to 

AMATEUR 
RADIO QSL’s ... 




A A 

. • "-■O* - / A / . 




it’s the ^ 

ONLY BOOK! 

US or DX Listings 




NOW READY! 

Here they are! The latest editions World 
famous Radio Amateur Callbooks. the mosl 
respected and complete listing of radio 
amateurs Lists calls, license classes, ad¬ 
dress information Loaded with special 
features such as call changes, prefixes of Ihe 
world, standard time charts world wide QSL 
bureaus and more The new 1980 Radio 
Amateur Callbooks are available now The 
U S Edition teatures over 400.000 listings, 
over 120.000 changes trom last year The 
Foreign Edition, over 315.000 listings, over 
90.000 call changes Place your order now 


Each Shipping Total 


□ Foreign 

CaHDook $15 95 $175 $17 70 

Order bofh books at me same lime lor $34 65 includes 
shipping 


Order from your favorite electronics dealer or direct from Ihe 
publisher Alt direct orders add $1 75 for shipping Illinois 
residems add 5% Sales Ta* 


SPECIAL LIMITED OFFER! 

Amateur Radio 
Emblem Patch 
only $2.50 postpaid 


Pegasus on blue field. red lettering 3 " wide x 
3" high Great on jackets and caps Sorry, no 
call letters 

ORDER TODAY! 


New Morse-A-Word Code Reader 




m. .rate MAPI »7*l 15 *4 IIHM 
CM »»l onto*. VISA Mara. 

AiM SI SO to cra. ra raa.yM U* 



THiciac-a^t ' 


Comm Audio Processor 

NEW - Shaped Vo,ca F.ltra t* vd Awi-ftuw 
ikXIn) to #.nouaol Synihei.i and Tone-log • Fill#* 

MOCHUMS etOCHUAIS MXMBBS 

Hildreth Engineering 

P.O. Box 60003 Sunnyvale. CA 94088 


RADIO AMATEUR I 

cal 

& 


I book inc 

Dept. FB 2 

925 Sherwood Drive 

Lake Blutt. II 60044 


More Details? CHECK-OFF Page 94 
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THE TOP 
OF THE LINE 


CoaxProbe* 


PEAK READING 
WATT METER WM-2000A 
reads power in 200, 1000, 
2000 watt ranges. 3.5-30 
MHz. Reads average or PEP 
power output. Includes ex¬ 
panded VSWR scale. 



IN-LINE WATT METER 

WM-2000 reads power in 200, 
1000, 2000 watts. 3.5-30 MHz. 
Incl. expanded VSWR scale. 



MOBILE WATT METER 

HFM-200 with remote direc¬ 
tional coupler reading 20 or 
200 watts. 3.5-30 MHz. Il¬ 
luminated, with VSWR scale. 




SWR BRIDGE SWR 1A 

with dual reading meters. 
1000 watts RF. 3.5-150 MHz. 
Reads relative power output. 



UP 


A Onnston of Cubic Communacmnons. Inc 
305 Airport Rd • Oceanside. Ca 92054 
(714) 757-7525 


Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 


$ 9.95 

plus 1.00 postage 

FINALLY! A RF PROBE that lets you con¬ 
nect into your coax cable for frequency 
measurements and modulation waveform 
checks directly from the transmitter. 

JUST CONNECT THE CoaxProbe* into 
your transmission line and plug the output 
into the frequency counter or oscilloscope 
Insertion loss is less than 2db so you can 
leave it in while you operate 
A NECESSITY IN ANY WELL-ORGAN¬ 
IZED HAM SHACK, the CoaxProbe’ 
eliminates “jerry-rigging’' and hassles 
when tapping into the coax line is desired 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a 
wide variation of power Power output of 8 
watts gives .31 v out. while 800 watts will 
give 1 8v out (rms 3-30 mhz.) 2000 watts 
PEP rating too 1 

•Trademark ot Eagle Electronics 


NEWCOMER OR OLD PRO 

ALPHA POWER 

IS YOUR KEY TO A 

BIG SIGNAL 

ALPHA/VOMAX can 
boost the "talk power" 
ot any rig up to ten 
times or more. The new 
SBP-4 tplll band speech 
processor uses the only 
system more alfactlva 
than rt clipping — AND 
distortion Is extremely 
low so your voice sounds natural. Under 
tough conditions VOMAX can help as much 
as most linears. Combine VOMAX with a 
good linear and WOW! It's simple to Install 
and operate with any rig. 


M ■■X' 1 

•wu nu " 

ALPHA 374A Is a heavy-duty "rock crusher" 
... a full kilowatt (2*KW PEP), No Time 
Limit, all band. NO TUNE UP desk top linear 
amplifier. It s a no-compromlse ALPHA with 
a TWO YEAH FACTORY WARRANTY. 

Other superb ALPHA s include the' Ultimate 
LINEAR" ALPHA 77Dx and the new ALPHA 
78. which combines NO-TUNE-UP maxi¬ 
mum legal power. No Time Limit, and high 
speed (vacuum relay) CW break-in. Call or 
write your dealer or ETO direct for Illustrated 
literature on all ALPHA products. 

EHRHORN TECHNOLOGICAL 
OPERATIONS. INC 

P.O, BOX 708. CANON CITY. CO 81212 
(303) 275*1613 



i * * 
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USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe* has a range 
of 1.8 to 150 mhz. 

MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of pro¬ 
per bandwidth, you can check your 
modulation for flat-topping, etc. ideal for 
adjusting the speech processor. 

NOW YOU CAN MONITOR SIGNALS 
when connected to the dummy load, 
eliminating unnecessary on-the-air radia¬ 
tion. 

AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If nol 
satisfied, send it back for refund (minus 
shipping charges). 

Order today from: 

Eagle Electronics 

Box 426 C, Portage, Ml 49081 
Michigan Res. Add 4% Sales Tax 



IO Watts In - 75 Waili Out 
2 Mrtn TM or SSB Amplifier 
Complete Kit Model 875-K $99 95 
See article in Sept 79 QST pgv 11—16 

COMMUNICATION CONCEPTS.INC. 

264H North Aragon Ave. 

Dayton. Ohio 45420 
Phone: (513) 294 8425 

UHf Kits Also Available Send For FREE Data Sheet 


NEW ELECTRONIC PARTS 


Brand name, first line components Stocked in depth 
24 hour delivery Low prices and money back guarantee 
on all products we carry 

STAM P BRINGS CATALO G_ 

SPECIALS W D H PRICE 

Keyboard Enclosures 14 8 3 '3 S16 - SO 

17 8 3" 3 I9-9S 

t a ;s 

20 113" 

Blue Base, specify white or black top 
RTTY 

iBBBWB | SHIPPING UT4 SPEED CVTR BOARD 
| INCLUDED KIT $109 95 

1 -' IN PRICE BOARD ALONE S18 95 

AUTO CW ID KIT $27 90 

Daytapro Electronics. Inc. 

3029 N WILSHiRE LN ARLINGTON HTS ILL 60004 

PHONE 312-870-0555 






















Announcing 
: i a BRAND-NEW 
line of 

[ CRANK-UP TOWERS 
MASTS 

■ and ACCESSORIES 
flTRISTAO & PRATT TOWER CO 

3635 West LaVida 
1 Visalia, CA 93277 

' (209) 733-2438 

ff-]: We'll be at MIAMI! 

■ ■■■■■■■ 

Seven* new 
finger talkers 


from CURTIS 

* EK 480: C MOS Diluxe Kiyir SI34.I 

* EK480M; Abovt plus ipsidmelar 149.1 

* 1480; InilructoMiti 124.1 

* M480: MemoryMili 1241 

* IM 480: Inetructo MemoryMite 1791 

* K8480. Mores KeyboerdMale 1991 

* KB4800; Morse Keyboard 3491 

8044; Keytr-On-A-Chip io<oiica 00431 14.1 

Apr 75 MR. Fib ;e QST Rldlo Hdbk 75. ARHL Hdbk 77 71 

8044 3:1C. PCB. Socket. Msnuel 24.5 

80444: Seml-KIt 541 

8045; Morse Keyboard-On-A-Chlp 1C . 591 

8045 I; 1C. PCB. FIFO. Sockets. Minuet 89 ! 

8045 2: Seml-KIt 1591 

8048: Instructokiysr-On-A-Chlp 1C 491 

8046 I. Semi Kit 791 

8047: Message Memory On A Chip 1C 391 

8047-1:1C. PCS. RAM. Sockets. Msnuel 691 

lies SI 75 M ibtvl lot poitigs mb lundllngl 

IK440A; Instructokeyer (Mar 76 OST) 2241 

Curtis Electro Devices. Inc. rss 

srsf OaplM 1415) 414 7773 

■H III 4010. Mountain Vina. CA 14040 ^^9 


uorh electronics - ) 

r .C J Digit 5 LED Dupi«y Battery or AC 

operation Model F R62 DPM Kit 

wilcoi aue. ww 

Lir- 3 Digit 5 LED Display Auto Zeroing 

Battery or AC Model F T505a DPM Kit 
Pfl. $32 99 Digital Alarm Clock PC B 

nmnn 3-1 2 Digit 0 43 LED Display Auto 

HLAJvJCJ Zeroing AC operation Model F M33a 
DPM Kit S44 99 

AC DC Converter Power Supply 
Model F-CPS22c Kit $39 99 
3-1 2 Diait 0 43 LED Display Auto 
Zeroing Battery or AC operation 
Model F IN 107a DPM Kit $36 99 
AC DC Converter Power Supply 
Model F CPS22c Kit $39 99 
4 1 2 Digit 5 LED Display AC opera¬ 
tion 0 005\Accuracy Model F SX 2021 
DPM Kit $59 99 

Ohm Converter and DC voltage 
Model F OV2b Kit $22 69 
We have PC boards already manu 
lecture lor Power Supplies lor Dili V A 
For different tens & intent 

Wc execute Printed Circuit Boards, 
your artwork single sided 
Mail your order now. or send lor tree 
details 


HAVE BARRELS OF FUN* WITHOUT 
DRAINING YOU DRY! WHY PAY FOR 
USELESS FRILLS? 

LET US HELP YOU WITH YOUR 
REPEATER PROJECT 

NOW AVAILABLE STOCK FROM, 

CC (/t &C (4iv C t' €/ 

a 'eUvcdioH 

ecectraacc/tiW^ 

YOUR ONE STOP REPEATER SHOP(r A \) % 
GET AN EXCELLENT BASIC > ^ (| 

DESIGNED REPEATER WITH )\ 

DEPENDABLE PERFORMANCE ! A" 

IN STOCK - READY TO SHIP- 7 / 

VHF ENGINEERING J j UTHlU l 

REPEATERS FOR ALL AMATEUR l J T|"| 
BANDS ALSO NEW ACCESSORY ITEMS ^ Y/a 1* (f 

IUST CAIL OR CONTACT oT jUcU 

P.O. BOX 7054 404 971-2122 \^r~7 

MARIETTA, GA. OR OUTSIDE GA 

30065_ goo 241 -4547 Vx 

we accept 45 ft 


ERC Promises Up To The Minute State-Of-The-Art 
Design and Performance 

Four Simultaneous Fillers in One for Unparalleled QRM Free Reception <SSB & CW) 
* Plus a Special Patented CIV Processor * 

The brand new SL-56 Audio Active Filter 
supercedes our SL-55 in both concept and 
performance Consolidation ot many components 
has allowed us to make 13 operational amplifiers 
(compared to 6 in the SL-55) into a filter 
guaranteed to out perform any other at a cost only 
slightly higher than the SL-55 The features ot the 
SL-56 are so advanced from its predecessor that 
calling it the SL-55A is not lustilied Unlike other . 

litters that simply otter a choice ot one or two tiller 5 , 5 j , 7 j Inches) 

types at a time (notch, bandpass, etc ) SL56 

provides what is really needed - thesimultaneousaction ot a 6 pole 200 Hz fixed highpass filter and 
a 6 pole 1600 Hz lixed lowpass tiller with a 60 dB notch which is tunable over the 200-1600 Hz 
range This 3 filter combination is unbeatable for the ultimate in QRM tree SSB reception Adiacent 
channel QRM is eliminated on the high and low sides at the same time and does not introduce any 
hollowness to the desired signal On CW the SL-56 is a dream The lowpass. highpass and notch 
filters are engaged along with the tunable bandpass filter (400-1600 Hz) providing the needed 
action ot 4 simultaneous titter types The bandpass may be made as narrow as 14 Hz (3dB) 
Additionally, a special patented circuit follows the titter sections which allows only the peaked 
signal to "gate itself through to the speaker or headphones (8-2000 OHMS) Receiver noise, ring 
and other signals are reacted This is not a regenerator, but a modern new concept in CW 
reception The SL-56 connects in series with the receiver speaker output and drives any speaker or 
headphones with one watt ot audio power Requires 115 VAC Easily converted to 12 VDC 
operation Coal black cabinet and wrinkle gray panel 

Warranted One Full Year Fully RFI Proof Fully Wired and Tested Available Now 
$79.00 Postpaid in the USA and Canada Virginia Residents Add 4«„ Sales Ta> 

Attention SL-55 Owners The Circuit Board of the SL-56 is Completely Compatable with 
the SL-55 Chassis Our Retrofit Kit is Available at $40 00 Postpaid 

Electronic Research Corp. of Virginia 

P O Box 2394 • Virginia Beach. Virginia 23452 • Telephone 1804) 463-2669 


More Details? CHECK-OFF Page 94 
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BUY THE BEST! 
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Whether your SSB rig is ok) or new there is no easier or 
essentially less expensive way to significantly upgrade ns 
pertorfnance than by improving its IF passband filtering FOX 
TANGO inters are made of specially treated high 0 quart/ 
crystals, affording excellent shape factors and ultimate rejec 
lion exceeding 80 dB They are custom made lor drop in 
installation matching perfectly both physically and elec 
Ironically Our Diode Switching Boards make possible (now or 
m the future) the addition of a variety of switch selectable 
filters affording superior variable bandwidth without the need 
to buy an expensive new model if you want Ihe best for less, 
you ll buy FOX TANGO Just tell us the bandwidth(s) desired 
for your make and model 


5 8 8 8 



NOTES 

1 a i 250 Hz Fitters Very sharp Ideal for DX and contest 

work yet not too narrow lor ordinary operations 
b> 400 and 500 Hz Filters Slightly narrower than 6-pole 
or less usually available as options and superior 8 
pole type 

0 600 Hz Fitters tor'101 are 6-pole $45each 

2 a) 1 8 kHz Fitters intended to supplement (or supplant) 

standard SSB tillers whose bandwidth is about 33% 
greater Useful in overcoming QRM 
b) 2 1 kHz Filters Provide significant improvement over 
standard units even of same bandwidth because of 
superior 8 pole characteristics 
C) 7 4 kHz Fitters Superior replacements for standard 
units having less than 8 poles 
d) 6 kHz Fitters Essential for optimum reception of 
short wave broadcasts. CB. etc 

3 Fitter Prices include Airmail Postpaid to U S Canada 
Mexico Elsewhere add S3 per titter 

4 For FT-560/570/401/401 Band FT-200/Tempo 1 

5 Filler marked with star (*) is a new 455 kHz 2nd IF unit 
tor superior R-520S SSB Similar in quality to Coitins unit 
below Introductory price $125 each 

6 GUF-1 Replaces present 1st IF unit tor CW and SSB 
Shape tactof 1 5 ultimate rejection 100 dB+ Original 
unit 4 7 and 65 dB Specify desired bandwidth 6 or 8 
kHz $65 each 

1 6UF-2 Filter plus relays etc on PC board Easy in¬ 
stallation Automatically replaces broad 1st IF unit during 
CW Specify desired bandwidth 600 or 800 Hz Use 
with or without GUF t $90 each 

8 S6H125 Fitter Sharpest CW titter available (2nd IF) 
Front panel selected plugs into rear apron of set 
Special $90 each 

9 GUO Converts existing product detector to superior 
double balanced type Wired and tested mini board, 
easy installation $30 each 

10 Special plug m unit equals or exceeds specifications of 
$400 ♦ Collins X4550200 Special $125 each 

11 FMOlZDhasnoAM mode, lor 901 only 

12 Superior to existing ceramic titter 


0I00E SWITCHING BOARDS (OSB) 

Permit inboard mounting of one two (or more) litters than 
those lor which the manutaclurer provides room all switch 
selectable using existing front panel swiiches in some cases 
Available for all Yaesu and Kenwood equipment listed except 
FT 401 series and tube type sets Specify Make Model and 
Filter lo be used on DSB 

Single filter type $12 Airmail postpaid worldwide 
Dual-Mter type $21 Airmail postpaid worldwide 


Order with confidence Money back it 
net satisfied VISA/MC welcomed 


Florida residents add 4% (sales tax) 


FOX-TANGO CORP. 

Box 15944H, Was! Palm Beach, FL 33406 




Digitrex Electronics 

I P4k 19 Wideband Preamplifier 

• Z to ZOO MHZ B*ndwdth> «3B * MU 

i e <9 OB Gem 1 

• SO Ohmi Input 4 Output Impadanca 
e T.n, PC Board Snt<M • « S'* 

^ . e Absolutely No Tuning Requ>ree 

^ # E.iremeiy Siebie 

e Draw» oni T ?OMA iJVDC 
e Great Way to mcreaie S#n*.t.».i f 
y So A r ot Recenrert Counter* etc 
IP ■ O • f oily Assembled and Tatted 
5"-ty'« h, ,i . e instructions Provided Full Warranty 

|Portable 600 MHz 

Frequency Counter. 

• 


COt) Ordart 

Digitrex Electronics I 

141? I 

. 480M 313 66) «.»47| 


NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton SI., Buffalo, N. Y. 14206 


SYNTHESIZED 

SIGNAL GENERATOR 



• Covers 100 lo 179 999 MHz in 1 kHz sleps with 
thumb-wheel dal • Accuracy 00001% at all fre¬ 
quencies • Internal frequency modulation Irom 0 lo 
over 100 kHz at a 1 kHz rale • Spurs and noise at 
least 60dB below carrier • RF output adjustable Irom 
50 lo 500mv across 50 ohms • Operates on 1 ?vdc 
@ V5 amp • Price S299.95 plus shipping 

In slock tor immediate shipping Overnight 
delivery available al extra cost Phone (212) 
468-2720 

VANGUARD LABS 

196-23 Jamacia Ave. Hollis, NY 11423 


1980 

HANDBOOK 

BRAND NEW! STEP INTO 
THE 80’S WITH THE 
LA TEST HANDBOOK FROM 
THE EDITORS A T A RRL 


NEW FOR 
1980 


1 r\C\ 


T1« 

HAN!**** 

nO 


Full of exciting new features for the 
80’s, NOW is the lime to order 
your copy of the 1980 AKKI. 
“RADIO AMATEUR’S HAND¬ 
BOOK.” Internationally recognized 
and universally consulted, every 
Amateur should have the latest edi¬ 
tion. The new HANDBOOK covers 
virtually all of Ihe state-of-the-art 
developments in electronics theory 
and design. Novices will find it to 
be an indispensable study guide, 
while Ihe more advanced Amateur 
will enjoy building the many new 
projects. 

□ Order AR-HB80 
Softbound $10.00 

□ Order AR-BB80 
Hardbound $15.75 

HAM RADIO'S 
BOOKSTORE 

GREENVILLE, N. H. 

(800) 258-5353 
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You've never seen an antenna book quite like this! It tells you 
how to choose, use and build your antenna system. Here's 
what you get: o How to build practical beams, quads and 
wire antennas o Computer generated beam headings to 
every known country in the world o Charts and tables to 
eliminate tricky calculations o Practical ideas for the 
newcomer o OSCAR antennas o Complete bibliography 
of magazine articles on antennas o Antenna safety 
o Trick antennas for portable work o Tips on how to 
keep your antenna up. Durable vinyl cover. Only $9.95 


Personal Information Management 
System 

Keep an automatic log. Compare anten¬ 
na performance. Catalog your parts and 
equipment. Keep a mailing list for your 
club. Plain-talk booklet tells how. In¬ 
cludes ready-to-use program for home 
computer systems. A bargain at just 
$9.95. 


PIMS 


iMnalw I aw hi Um 


Practical Antennas for the 
Radio Amateur 


Brand New Antenna Book! 


New format... Big diagrams... Easy-to-read 

By well-known author, Robert Myers, W1 XT 


In a Hurry? Order Toll Free 1 -800-258-5353 
I-1 

! Ham Radio’s Bookstore £[Hi ! 


Introduction to Low Resolution 
GRAPHICS 

Produce amazing computer graphics — 
even if you can't draw a straight line. 
Literally f Learn how to draw lines and 
shapes, make graphs, draw pictures 
and even do animation. All the simple 
secrets are contained in this brand new 
book. Only $9.95. 



UAMICS 


Calculating with 


□ Practical Antennas □ Personal Information Management System 

□ Introduction to Low Resolution Graphics □ Calculating with Basic 

Name_ 

Street- 

City-State-Zip- 

Please enclose proper amount for books plus $1.00 shipping or credit 
card information. 



Calculating with 
BASIC 

Use a home computer to calculate vol¬ 
tage across a capacitor, find the value of 
inductance, determine the capacitance of 
parallel plates, compute the time to 
charge a capacitor and convert power, 
voltage and current to decibels. All the 
routines needed and morel Just $7.95. 


BASIC 



More Details? CHECK-OFF Page 94 
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VALENTINE VALUES 

Cushcraft "boomer'' $ 69.95 

OMNI-J 2 Meier Antenna 39.95 

Tonna F9FT Antennas 144/16 el 59.95 

Klitzing VHFUHF Amplifiers 
2M 10W in ■ 100W Out 179.95 

432 10W in 50W Out. 189 95 

Bird 43 and slugs. UPS paid in USA slock 
Microwave Modules, less 15% off list slock 

Telrex TB5EM. in slock.415.00 

New Telrex TB5ES. 2 KW pep version 315 00 
New Palomar Engr Trans Preamp 89 50 
Bencher Paddles — $39 95 Chrome 49 95 
Vibroplex paddles in slock, plus bugs, 
write for prices. 

ETO 76 Amplifiers. slock 

Lunar 6M 2M-220 In Line Preamps 49 95 

Janel QSA 5 4195 

HAM X Taillwister Rotor 189 95 

HAM 4 Rotor 13995 

Cetron 572B.29 50 

New HDI HC-1400 144/148MHZ, 25 wait. 
Synthesized 2 meter transceiver 349 00 
Remote digital readout 49 95 

Motorola HEP170 0.29 

Mallory 2 5A/1000PIV epoxy diode 0 19 

Aerovox 1000PF/500V Feed thru cap V95 
Technical Books Ameco. ARRL. Sams, Tab. 
Rider, Radio Pub . Callbook. Cowan, 

WRTVH. etc.Call 

NEW Belden 9405 (2*16X6*18) 8 wire rotor 
cable, heavy duly for long runs 0.32/ft 
8448 8 wire rotor cable 0 20/ft 

9888 double shield RG8 Foam 0 46/ft 

8214 RGB Foam.0 26/ft 

8237 RG8 Regular 0 23/ft 

8267 RG213. .0.30 

Amphenol Silver Plate PL259 (831SP) 0 69 

Belden 14 ga stranded anlenna wire 
*8000 0 06/ft 

Times ’/i " Foam Hardline $0 65/(1 — 
Connectors, ea . 15 00 

Berklek RG8X. 52 ohm, KW. per (t 0 16 
Robot "Slow Scan Now in Slock Call 
Alliance HD73 Rotor 109 95 

Teletow'r-self support- 
55 It/w breakover 549 00 

40 ft/w breakover 399 00 

Telrex antennas 7 In Slock 1 Monobanders? 
You bet' 

Looking tot antique parts 0 
Write specific need lo W5GJ 

THIS MONTH’S SPECIALS: 

Icom IC701, AC. MIC — $1,195.00 
NEW ICOM IC255A, 2M — $349.00 
Dentron GLA 1000 Amp. $319.00 
Dentron Clipperton L — $499.00 
(Limited Qty.) 

New Price $599.00 after current 
supply runs out. 

Kenwood TS700SP $599.00; 
TR7625 $399.00; 

TR7600 $299.00; RM76 $99.95. 
Limited Qtys. 

MASTERCHARGE • VISA 


All prices fob Houston except where indicated 
Prices subject to change without notice, all items 
guaranteed Some items subject prior sale Send 
letterhead for Dealer price list Texas residents add 
6% tax Please add postage estimate St 00 
minimum 

MADISON 

ELECTRONICS SUPPLY, INC. 

isos mckinney 

HOUSTON. TEXAS 77002 
713/658 0268 
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Two smart, new, money saving ideas 
for Hamsfrom...who else but 
the Hams at Heath 


Remote unit 
mounts on 
your tower 


Attractive control unit for your shack 


Complete details on the new SA-7010 TH-Band 
Beam and the SA-1480 Remote Coax Switch... 
and nearly 400 other kite you build yourself 
are in the colorful new Heathldt Catalog. 


CATALOG 

Send today for your free. 104-page 


bend today tor your tree, uw-page 
Heathkit Catalog. Or pick one up at 
your nearby Heathkit Electronics 
Center* where Heathkit Products are 
displayed, sold and serviced. See your 
white pages for the location nearest you 

*Unlta of Voritochnalogy Electronics Corporation. 

Send to Heath Company. Dept.122-624, 
Benton Harbor. MI 49022 


AN EXCITING FIRST -THE HEATHKIT 
AMATEUR RADIO BEAM KIT 

Work the world! Build your own top qual¬ 
ity TH-Band Beam with famous Heathkit 
instructions to guide you. And what a 
beam! Three active elements give 1.5:1 or 
less SWR on each band for efficient energy 
transfer. This full power beam is great for 
your home QTH. Easy assembly makes it 
perfect for your club's Field Day activities, 
too. Read all about it, including gain 
figures, in the latest Heathkit Catalog. 

THE NEW HEATHKIT REMOTE 
COAX SWITCH KEEPS YOU DRY 

Hate rain and snow? Change antennas 
by fuming the knob on your SA-1480 
Remote Coax Switch. It replaces five 
expensive coax feed-lines with just one. 
Lightning-protect position, too. Rated 
full legal power to 150 mHz. 


There's more for the Ham 
at Heath 


AM-403 









UNDER S 100.00! 




I tarn 
Number 



HY-GAIN 3806 2-meter 
handheld transceiver 

< 89.95 

\ 4 4 . A A ^^ 

I Mvliillillll B6t4893HJ 


I Interior antenna 
[ Exterior antenna 
Channel »«lector 
DC power ON/OFF twitch 

Transmitting voltage 
and receive signal 
jtrength indicator 

Squelch volume 
Transmit Indicator 
Audio volume 
Internal speaker 
Microphone 
Transmit/receive switch 


Earphone lack 
External DC 12V jack 


ile supply lasts. 

' 50 shipping & nandlmg 


ACCESSORIES 

Description 


NiCad battery pack 


Touch tone pad 


AC battery charger 


Cigarette lighter 
adapter cord 


Carrying case 


34/94 crystals 


16/76 crystals 


Add 2 50 shipping & handling 

Item No 8386 

• Buy a new, lowcost 6 channel handheld which pro¬ 
vides superb voice transmissions 

• Sharply tuned on-lrequency selectivity in the RF 
amplifier stages plus FET's in the 1st and 2nd mixers 
for virtual immunity to out-of-band signals, inter- 
modulation distortion and cross modulation 

• Separate microphone and speaker elements foren- 
hanced audio 

• Internally adjustable mic preamp-a Hy-Gain exclusive 

• Specially gasketed case seals out water, dirt and cor¬ 
rosive salt air 

• Watertight, high-impact ABS plastic case-ribbed lor 
non-slip grip 

• Top mounted controls for instant access 

• Comes complete with 146 52 crystals only 

• 1 watt output (12 VDC input) 

• Operates on 8 AA batteries or 
optional NiCad battery pack 



17 95 a pair 
17 95 a pair] 


Optional NiCad battery 
pack $24.95 


Optional touchtone pad 
(not installed) $29.95 


O- 633*3410 


CaU *| # 

Toll Free J. 

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 



Longs Electronics [O 


P O BOX 1 1347 BIRMINGHAM AL 35202 • STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM ALABAMA 35233 
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More Details? CHECK-OFF Page 94 

































THE FT-707 
“WAYFARER” 


FT-707 is shown with 
optional FV-707DM VRD 
& Scanning Microphone 


The introduction of the “WAYFARER” by Yaesu is the beginning of a new era in compact solid state 
transceivers. The FT-707 "WAYFARER" offers you a full 100 watts output on 80-10 meters and operates 
SSB, CW. and AM modes. Don't let the small size fool you! Though it is not much larger than a book, this is a 
full-featured transceiver which is ideally suited for your home station or as a traveling companion for mobile 
or portable operation. 

The receiver offers sensitivity of .25 uV/10 dB SN as well as a degree of selectivity previously unavailable in a 
package this small. The "WAYFARER" comes equipped with 16 poles of IF filtering, variable bandwidth and 
optional crystal filters for 600 Hz or 350 Hz. Just look at these additional features. 


FT-707 with Standard Features 

• Fast/slow AGC selection 

• Advanced noise blanker 

• Built-in calibrator 

• WWV/JJY Band 

• Bright Digital Readout 

• Fixed crystal position 

• 2 auxiliary bands for future expansion 

• Unique multi-color bar metering—monitors 

signal strength, power output, and ALC voltage. 


FT-707 with Optional FV-707DM 
& Scanning Microphone 

• Choice of 2 rates of scan 

• Remote scanning from microphone 

• Scans in 10 cycle steps 

• Synthesized VFO 

• Selection of receiver/transmitter functions 

from either front panel or external VFO 

• “DMS" (Digital Memory Shift) 


Impressive as the "WAYFARER" is its versatility can be greatly increased by the addition of the FV-707DM 
(optional). The FV-707DM, though only one inch high, allows the storage of 13 discrete frequencies and with 
the use of "DMS” (Digital Memory Shift) each memory can be band-spread 500 KHz. These 500 KHz bands 
may be remotely scanned from the microphone at the very smooth rate of 10 Hz steps. 


The FT-707 "WAYFARER" is a truly unique rig. 
See it today at your authorized Yaesu Dealer. 




The radio. 



YAESU ELECTRONICS CORP., 6851 Walthall Way, Paramount, CA 90723 • (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd.,Cincinnati,OH 45246 
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EIMAC takes the work 
out off 25 kW 



FM transmitter design 


New cavity 
amplifier and 
tetrode combo. 

The new EIMAC 
CV-2200 power amplifier 
cavity assembly ana com¬ 
panion 8990 tetrode is ready 
for use in next generation 
FM transmitters in the 
88-108 MHz band. 

EIMAC engineered 
interface provides capability 
between tube and cavity 
design and the result is an 
amplifier of classic simplicity 
that combines a useful power 
output of 25 kW with a stage 
gain of approximately 20 dB. 
These numbers make a one tube 
high power FM transmitter a 
reality today. 


1935, F.IMAC 
was present at the birth 
of FM broadcasting. 
Major Armstrongs 
early transmitter used four 
EIMAC 150T tubes in the 
amplifier stages. And 
EIMAC still retains its 
commanding position in 
continuing high power 
vacuum tube technology. 


Cost effective modem design. 

EIM AC’s cost-effectiveness 
and modern design are yours in the 
new cavity and tube combo. Anticipate 
reduced transmitter down-time and 
higher revenues with this new amplifier 
concept. Make sure your new transmit¬ 
ter is EIMAC equipped. 


4T For full information on the CV-2200, 
1 the 8990 (25 kW) and the 8989 (15 
kW) write EIMAC, Division of Varian, 
301 Industrial Way, San Carlos, California 
94070. Telephone (415) 592-1221. Or con¬ 
tact any of the more than 30 Varian Elec¬ 
tron Device Group sales offices throughout 
the world. 


varian 



